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 Abstract 
 Supporting Assimilation views of Neandertal/modern human interaction, chronostrati-
graphic reasoning indicates that the “transitional” industries of Europe predate modern 
human immigration, in agreement with their association with Neandertals in the 
Châtelperronian at the Grotte du Renne and St.-Césaire. Supporting the Neandertals' 
species separateness and less developed cognition, those industries are alternatively claimed 
to relate to pioneer groups of modern humans; the latter would have been the true makers 
of the precocious instances of symbolic material culture that, under Assimilation, are 
assigned to the Neandertals. However, the taxonomy of the Kent's Cavern and Grotta del 
Cavallo dental remains is uncertain, and their poor stratigraphic context precludes dating by 
association. The opposite happens at the Grotte du Renne, whose stratigraphic integrity is 
corroborated by both taphonomy and dating. Not questioning that the Early Ahmarian is a 
cultural proxy for modern humans and a source for the Protoaurignacian of Europe, its 
claimed emergence ~46–49 ka ago at Kebara refl ects the dating of Middle Paleolithic 
charcoal—to be expected, because the Early Ahmarian units at the back of the cave are 
made up of reworked Middle Paleolithic sediments derived from the entrance. The dating 
of inherited material also explains the old results for the Aurignacian of Willendorf II and 
Geissenklösterle. At the latter, the dates on anthropically modifi ed samples of the hunted 
taxa (reindeer and horse) place its Aurignacian occupations in the same time range as 
elsewhere in Europe, after ~40 ka ago. The hypothesis that Neandertal/modern human 
contact in Europe resulted in a process of assimilation in connection with the spread of 
the Protoaurignacian ~41.5 ka ago remains unfalsifi ed. 
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3.1  Introduction 
 During the last two decades of the twentieth century, the 
debate concerning the emergence of European modern 
humans and the fate of the Neandertals revolved around 
the polar alternatives of “Multiregionalism” and “Recent 
African Origin.” In their original formulations, where 
Multiregionalism saw modern humans as principally locally 
evolving from ancestral populations of “archaics,” Recent 
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African Origin defi ned them as a new species originating at 
least 150,000 years ago in Africa, from where the rest of the 
world was eventually colonized, with Eurasia’s aboriginal 
humans, especially the Neandertals, becoming extinct with-
out descent in the process. 
 A minority position, “Assimilation,” accepted recent Out-
of-Africa migration and/or genetic diffusion but viewed 
Neandertals as a geographical variant of  Homo sapiens , not as 
a different biological species. In this view, the disappearance 
of Eurasian archaics from the paleontological record after 
about 40,000 years ago would have been caused by loss of 
isolation and ensuing integration with the wider human gene 
pool, that is, by demographic and/or natural selection pro-
cesses operating in a context of signifi cant population admix-
ture. Human Paleontology (Trinkaus  2007 ), Genetics (Hawks 
 2012 ) and Archeology (Zilhão  2006a ,  2011 ,  2012 ) now con-
cur in indicating that such Assimilation models best match the 
empirical data concerning the replacement of Neandertals by 
modern humans accumulated over the last 15 years of research 
developments, briefl y summarized below. 
 Direct dating of the fossils that were once thought to 
represent Europe's earliest modern humans and, by their lack 
of archaic features, supported replacement-with-no-admixture 
of the Neandertals, showed they were all of a signifi cantly 
younger age (recent Holocene for some), as the Vogelherd 
case (Conard et al.  2004 ) best illustrates. Conversely, all of 
the newly discovered or restudied fossils dated to the time of 
the Neandertal-to-modern human transition in Europe or 
shortly thereafter were shown to present archaic if not 
Neandertal-diagnostic features (e.g., the Lagar Velho and 
Oase fossils; Duarte et al.  1999 ; Trinkaus  2007 ; Trinkaus 
et al.  2013 ). These morphological mosaics indicated admix-
ture at the time of contact, and the Neandertal genome proj-
ect (Green et al.  2010 ) eventually produced corroborating 
evidence—namely, that 1–4 % of the genome of extant 
Eurasians is of Neandertal origin. 
 At the same time, archeological research provided evi-
dence that, in the behavioral realm, late Neandertals had 
been as “modern” as their African contemporaries. While 
Recent African Origin views interpreted many innovations 
of the European Upper Paleolithic as a “Human Revolution” 
(Mellars and Stringer  1989 ) triggered by the immigration of 
modern humans, the new evidence credited many of those 
innovations to the Neandertals and showed that some had 
fi rst appeared in the preceding Middle Paleolithic. Among 
the latter is the use in body ornamentation of painted/perfo-
rated marine shells, large raptor feathers, and mineral pig-
ments modifi ed as crayons or processed for the preparation 
of complex cosmetic recipes (Soressi and d’Errico  2007 ; 
Zilhão et al.  2010a ; Peresani et al.  2011 ; Morin and 
Laroulandie  2012 ; Finlayson et al.  2012 ). It is also quite 
possible that Neandertals were the makers of the earliest 
known cave art, as suggested by the minimum age of 
41.4 ± 0.6 ka (95.4 % probability interval) provided by 
U-series dating of calcite accretions covering geometric 
signs and hand stencils at the Spanish site of El Castillo 
(Cantabria; Pike et al.  2012 ). 
 The paleontological and genetics evidence vindicates 
Holliday's ( 2006 ) prediction that no biological barriers to 
productive interbreeding could have existed between 
Neandertals and their African contemporaries; as he pointed 
out, if human history is seen under the perspective of general 
mammalian evolutionary patterns, the amount of time 
elapsed since separation of the two lineages from their 
common ancestor becomes simply insuffi cient, and this by a 
factor of about ten, for intersterility to have arisen. The 
overall similarity in human culture between Eurasia and 
Africa implied by the symbolism-related features apparent 
in the archeological record of both continents after 
100,000 years ago also carries admixture-related implica-
tions; namely, that the existence of cognitive or cultural 
barriers to interbreeding can be removed from the range of 
mechanisms putatively preventing its occurrence. 
 The corollary of these developments is that the Assimilation 
view of modern human/Neandertal interaction ought to be 
considered the null hypothesis of modern human origins in 
Eurasia (and, therefore, that the burden of proof lies on those 
who think otherwise). A strand of scientifi c opinion main-
tains, however, that the evidence for Assimilation is equiv-
ocal. Namely, there are two major and closely inter-related 
tenets of this view that critics have directly or indirectly 
challenged: the association of Neandertals with the 
Châtelperronian and coeval, “transitional” cultures of the 
Early Upper Paleolithic; and the view that the Protoauri-
gnacian represents the earliest archeological manifestation 
that conceivably can be related to modern humans in Europe. 
 Although based on different aspects of the empirical 
record and following different lines of reasoning, such chal-
lenges to Assimilation share the contention that problems 
with dating have so far obscured the fact that the instances of 
precocious symbolism seen in the archeological record of 
Europe, those that apparently pre-date modern human immi-
gration, are in deed modern human-, not Neandertal-related. 
In some instances, the case is made that the direct dates on 
Neandertal fossils placing them in the time range of the fi rst 
appearance of symbolic artifacts in the European record are 
too young (or that the association of the fossils with strati-
graphic contexts of such age is spurious). In other instances, 
the case is made for modern humans, as represented by their 
fossils or putative archeological proxies, to have arrived in 
western Eurasia signifi cantly earlier than hitherto thought, 
which would imply that Europe's oldest symbolic material 
culture is theirs, not the Neandertals'. 
 In the following, I will examine and discuss such claims. 
I have no intention of being exhaustive, and will therefore 
focus on those cases that have attracted more attention or 
whose implications are of more far-reaching consequence. 
The discussion will proceed on a case by case basis, examining 
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the arguments and assessing their strength in terms of the 
empirical observations that support them. I will then wrap up 
with a conclusion that sets the debate on western Eurasia’s 
 Middle-to- Upper and Neandertal-to-modern human transi-
tions in the broader perspective of patterns of cultural change 
during the last 150,000 years. 
 Throughout, the following conventions will be fol-
lowed: solar calendar dates as well as those derived from 
TL (Thermoluminescence), OSL (Optically Stimulated 
Luminescence) and U-series techniques will be expressed in 
years or thousands of years (ka) ago; dates derived from 
Radiocarbon will be expressed in years or thousands of 
years (ka) “ 14 C BP,” and, when calibrated, denoted as “cal 
BP,” in which case they will be given either as approximate 
ages (e.g., ~40 ka cal BP) or as 95.4 % probability intervals. 
When dates are compared to assess whether they are statisti-
cally distinct or the same, the tool used is the sample signifi -
cance test (Case 1) of Ward and Wilson ( 1978 ), carried out 
with Calib 6.1. (Stuiver and Reimer  1993 ). 
3.2  Axiomatic Principles 
and Chronological Framework 
 My null chronological hypothesis is a model of the Middle-
to- Upper and Neandertal-to-modern human transitions in 
western Eurasia fi rst proposed by d’Errico et al. ( 1998 ) and 
Zilhão and d’Errico ( 1999 ), and further elaborated in Zilhão 
and d’Errico ( 2003 ), Zilhão ( 2006a ,  2007 ,  2011 ) and Banks 
et al. ( 2013 ). This model can be summarized as follows:
 (a)  The Châtelperronian, Uluzzian, Altmühlian, Bohunician, 
Szeletian and Bachokirian underlie the earliest 
Aurignacian across the whole of their shared geographic 
range, and, therefore, they must predate the Aurignacian 
in each of their particular areas of occurrence. 
 (b)  The recognized subdivisions of the Aurignacian have 
chronological value and are not functional or cultural 
variants that could have been in coexistence at given 
points of the technocomplex's time range or even 
throughout its entire duration. 
 (c)  A Protoaurignacian phase preceded the classic 
Aurignacian I with split-based points. 
 (d)  This framework is replicated by dating provided that one 
rejects radiometric results that fail to pass a number of 
specifi ed quality criteria. 
  (e)  When only reliable radiocarbon results are considered, the 
boundary between the Protoaurignacian and the preced-
ing “transitional” industries falls in the millennium 
centered around 36.5 ka  14 C BP (i.e., ~41.5 ka cal BP), 
with Bayesian modeling constraining the Protoaurignacian 
time range to the 39.9–41.5 ka cal BP interval. 
  (f)  In Europe, all directly dated, or reliably associated 
diagnostic fossil remains of modern humans, are, at the 
earliest, of Protoaurignacian age, implying Neandertal 
authorship of the archeological record formed with 
anteriority, as otherwise corroborated by the Neandertal- 
diagnostic remains found in stratigraphic association 
with the Châtelperronian or directly dated to the corre-
sponding chronostratigraphic slot. 
 This model is based on two key axioms. The fi rst axiom is 
that the technocomplexes of the Upper Paleolithic are valid 
culture-stratigraphic units. The low resolution of strati-
graphic sequences and the standard deviations of individual 
dating results (compounded, where the radiocarbon method 
is concerned, with the uncertainty added by calibration) 
mean that the smallest units of time we can work with in the 
interval of concern here (between 30,000 and 50,000 years 
ago) are in the range of fi ve centuries to a millennium, at the 
very best. However, in the absence of major barriers to diffu-
sion, advantageous innovations spread among hunter- 
gatherers much faster than that because of the open, exogamic 
nature of their social networks. Therefore, even though, 
obviously, a given innovation will have arisen fi rst in a given 
place, it is almost inevitable that, in this period, its emer-
gence and spread will become observationally confl ated in a 
single process, one that will appear to us as an “event” taking 
place in “simultaneous” fashion over extensive areas. As, 
due to such inherent properties of the data it works with, 
Paleolithic Archeology is not about the short-term processes 
that occur in human lifetime scales (the study of which 
requires written or oral history records) but about the “steady 
state” of cultural/adaptive systems and their long-term 
change through time, this apparent “limitation” is, in fact, an 
“advantage” (Binford  1983 ). 
 When the comparison between two geographically con-
nected regional sequences shows that the change from a 
given, shared steady state led to a new, different steady state 
that is also common to them, it is therefore axiomatic to 
Paleolithic Archeology that such a change must have 
occurred “simultaneously” in both regions. Such culture- 
stratigraphic reasoning has provided the backbone of 
Paleolithic chronologies for more than a century. The advent 
of radiometric dating made it possible to refi ne such chro-
nologies to a certain extent, especially where the Upper 
Paleolithic is concerned. It also generated a number of appar-
ent contradictions with traditional schemes, but such contra-
dictions resulted from ambiguity in defi nitions and/or errors 
in the dating process (cf. Zilhão and d’Errico  1999 ); as the 
last 15 years of research have demonstrated, the chronologi-
cal predictions derived from culture-stratigraphic arguments 
were indeed the correct ones, with advancements in dating 
technique and methodology (cf. Higham  2011 ) eventually 
producing results that agreed with culture-stratigraphic 
expectations. 
 The second axiom is that, regardless of which taxonomic 
status best describes their separateness (e.g., species or subspecies), 
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Neandertals and modern humans are populations whose dif-
ferentiation from a common ancestor was caused by geo-
graphic isolation. The possibility of long-term sympatry 
between the two phyla was envisaged by some in the past 
(e.g., Vallois  1949 ), but it has since become clear that no 
Neandertal fossils exist in the late Middle and early Upper 
Pleistocene record of northern Africa and, conversely, that no 
modern human fossils exist in the coeval European record. 
Even though, for particular space/time slots, the lack of fossil 
fi nds means that no direct association with the corresponding 
cultural record exists, an allopatric understanding of 
Neandertals and modern humans carries a straightforward 
implication—that, prior to the time when the replacement of 
the former by the latter is documented in the paleontological 
record of Europe, the continent was inhabited by Neandertals 
only, with the attendant corollary for issues of authorship. 
3.3  Late Neandertals: How Late, 
and What Associations? 
 In Iberian regions situated to the south of the Ebro River 
drainage, Neandertals and the Mousterian arguably persisted 
for several millennia beyond their documented time range 
elsewhere in Europe (Zilhão et al.  2010a ,  b ; Hoffmann et al. 
 2013 ). It is also possible that a similar but shorter persistence 
pattern, albeit in an Upper Paleolithic context (the Lincombian/
Ranisian/Jerzmanowician), not a Middle Paleolithic one, 
underpins the direct dating to the ~41.0–41.5 ka cal BP inter-
val of the two adult individuals from Spy (Semal et al.  2009 ; 
Flas  2011 ). In both cases, such late Neandertal occurrences 
concern areas located outside the geographic range of the 
Protoaurignacian, while the directly dated Oase fossils, 
although lacking an immediate archeological context, come 
from a region where a coeval Protoaurignacian is well docu-
mented (Hahn  1977 ; Zilhão  2006a ; Teyssandier  2008 ). 
 Still, as no human remains have so far been found in 
direct association with the Protoaurignacian, it would be 
legitimate to infer from the Spy dates that no one-to- one 
correspondence exists between this culture and human pale-
ontological taxa—i.e., that Neandertals and modern humans 
could both have been involved in the making of the 
Protoaurignacian. Two other conceivable implications of that 
evidence would, however, be clearly fallacious:
 (a)  The fi rst would be that, if Neandertals made the 
Châtelperronian, we can then infer from their persis-
tence in regions both to the south and to the north that 
the French Châtelperronian could have been as late as 
the Lincombian of Belgium or the Late Mousterian of 
Iberia. However, the Châtelperronian stratigraphically 
precedes the Protoaurignacian, and the geographic range 
of the Châtelperronian is totally encompassed within 
that of the Protoaurignacian. Therefore, envisaging a 
persistence of the Châtelperronian alongside the 
Protoaurignacian, with both falling in the same time 
interval but occupying different regions, amounts to pos-
iting an archeological impossibility, a point whose full 
signifi cance will become apparent below. 
 (b)  The second would be that the late dates for the last of the 
Belgian and Iberian Neandertals could simply be a 
byproduct of incomplete sample decontamination, lead-
ing to results that are too young (Pinhasi et al.  2011 ; 
Wood et al.  2013 ); therefore, such could well be also the 
case with the dates for Neandertal remains that place 
them, either directly or by stratigraphic association, in 
the time range of the Châtelperronian and coeval techno-
complexes. However, the dates supporting the 
Neandertal/Châtelperronian link are, fi rstly, much older 
than those supporting late Neandertal persistence in 
Belgium and Iberia, and, secondly, fall in a period when 
Europe is entirely lacking in diagnostic modern human 
fossils; consequently, it is clear that no logical connec-
tion exists between the two propositions. If the last of the 
Neandertals are going to be made signifi cantly older 
than indicated by the current dating record, it can only be 
on the basis of a robust case built on the chemistry of the 
dated samples and/or on issues of inconsistency with the 
stratigraphic context. 
 The above explains why, for the purposes of this paper, it 
is suffi cient to restrict the discussion of late Neandertal dat-
ing and cultural associations to the key French occurrences. 
Such key occurrences are the Grotte du Renne, at Arcy-sur- 
Cure (Yonne), and the rock-shelter of La Roche-à-Pierrot, at 
St.-Césaire (Charente-Maritime). The fi rst site is where 
Leroi-Gourhan ( 1958 ) originally proposed (on the basis of 
archaic features perceived in the dental remains from the cor-
responding levels of the site) that the Châtelperronian could 
have been made by the Neandertals. Fifteen years later, this 
notion would be boosted by the discovery at the second site, 
in a Châtelperronian context, of a diagnostic partial skeleton 
(Lévêque and Vandermeersch  1980 ). If current age estimates 
for these two occurrences are indeed too young, then the 
speculation explicitly or implicitly entertained by recent crit-
ics of Assimilation—that, in the period between 40,000 and 
45,000 years ago, modern humans were the true makers of 
the archeology of most if not all of Europe—becomes an 
empirically viable hypothesis. 
3.3.1  St.-Césaire 
 La Roche-à-Pierrot features a stratigraphic sequence span-
ning the Middle-to-Upper Paleolithic transition, one where, 
as originally described, Châtelperronian levels EJOPsup and 
EJOPinf are sandwiched between two ensembles of 
Aurignacian (levels EJJ to EJOsup) and Mousterian (levels 
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EGBinf to EGPF) deposits (Morin et al.  2005 ) (Fig.  3.1 ). 
The partial skeleton, interpreted as a secondary burial, was 
found exposed, and partly eroded, at the surface of EJOPsup; 
removed from the site as a block, it was subsequently exca-
vated in the laboratory.
 Recent re-analyses (Bar-Yosef and Bordes  2010 ; Bordes 
and Teyssandier  2011 ; Soressi  2011 ), however, raise a number 
of questions concerning the association between the skeleton 
and the Châtelperronian. Namely, they show that the lithic 
assemblage of EJOPinf is in fact Mousterian, while EJOPsup 
contains both Châtelperronian and Middle Paleolithic compo-
nents, the latter displaying a distinct preservation condition 
and representing more than two thirds of the level's retouched 
tools. In addition, it is argued that no detailed description of 
the stratigraphy observed during the laboratory excavation 
of the block has been published, making it diffi cult to assess 
whether an intentional burial pit truly existed. 
 In this situation, alternative interpretations of the skeleton's 
associations are legitimate. For instance, the Mousterian com-
ponent of EJOPsup could stand for the occurrence of an epi-
sode of debris fl ow or solifl uction through which the level 
would have been originally laid down; the Châtelperronian 
component would have accumulated at a later time on the sur-
face of this redeposited context, the palimpsest in existence at 
the time of excavation resulting from the action of penecon-
temporaneous natural and anthropogenic factors. In such a 
scenario, the Neandertal remains could represent a Mousterian 
burial displaced by (and partly destroyed in) the process. 
 Based on the reported lack of stones in the immediate 
context of the skeleton, in contrast with their abundance else-
where in EJOPsup, one might interpose, however, that a 
burial pit indeed existed (Vandermeersch  1993 ). In that case, 
the site formation scenario above would imply that the pit 
post-dated the redeposition event responsible for the level's 
Middle Paleolithic artifact component and, therefore, that the 
Neandertal skeleton could only be of a Châtelperronian or 
later (i.e., in this case, given stratigraphy, Aurignacian) age. 
 The direct radiocarbon dating of the skeleton to 
36,200 ± 750  14 C BP (OxA-18099; Hublin et al.  2012a , that 
is, to 39.6–42.5 ka cal BP, has clarifi ed the picture in at least 
one way: under the assumption that the result is accurate, the 
dating unambiguously rejects the hypothesis that the St.-
Césaire Neandertal is associated with the Mousterian com-
ponent of EJOPsup. However, since the age range obtained 
overlaps the boundary between the chronostratigraphic time 
slots of the Châtelperronian and the Protoaurignacian in 
France, the dating does not reject that the skeleton relates to 
the latter instead of the former. 
 Based on the stratigraphic confi gurations observed at 
the time of excavation, and bearing in mind that the rele-
vant levels (EJOPsup and EJOsup) are separated by the 
>10 cm-thick sterile level EJOinf, a Protoaurignacian con-
nection is, however, unlikely, and this for two reasons. 
Firstly, if a pit had been excavated from EJOsup deep into 
EJOP, then it should have left a readily apparent scar in 
EJOinf, but none was observed. Secondly, such a pit would 
 Fig. 3.1  Saint-Césaire.  Left : Photograph of the stratifi cation with indi-
cation of layers Ejop sup and Ejop inf; the scale bar is 1 m.  Right : 
Schematic stratigraphy of the site with indication of the main units and 
of the position of the partial Neandertal skeleton (represented by the  red 
triangle ); elevations are in cm. From Hublin et al. ( 2012a : Fig. S2), 
modifi ed 
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in that case post-date the formation of both EJOinf and 
EJOPsup and, therefore, the partial exposure of the skeleton 
at the surface of EJOPsup could no longer be related to the 
latter’s clearly erosional upper boundary. 
 Thirty-fi ve years after the discovery, attribution of the 
St.-Césaire skeleton to the Châtelperronian remains, therefore, 
the parsimonious reading of the evidence. 
3.3.2  Grotte du Renne 
 The Grotte du Renne features a Châtelperronian sequence 
(levels VIII, IX and X) sandwiched between Mousterian 
(levels XI-XIV) and Protoaurignacian (level VII) deposits, 
the latter in turn overlain by Aurignacian and Gravettian lev-
els. The Châtelperronian yielded a juvenile temporal bone 
and 29 teeth of undisputed Neandertal affi nities (Hublin 
et al.  1996 ,  2012a ; Bailey and Hublin  2006 ), as well as 39 
objects of personal ornamentation, 1,615 pigment chunks 
(weighing a total of 17 kg, and mostly red ochre), and 139 
worked bone items of a diverse typology (mostly awls) 
(Caron et al.  2011 ; Fig.  3.2 ). In the framework of Recent 
African Origin, this association posed an obvious problem. It 
is therefore unsurprising that supporters have insistently 
tried to explain it away, with the principal suggestions to that 
effect having been the following:
 (a)  The association is genuine, but the presence of symbolic 
artifacts in these levels is incidental, resulting from 
curiosity- driven collection by Neandertals of items dis-
carded by modern humans living nearby, from Neandertal 
“imitation without understanding” of such modern 
human crafts, or from trade or exchange. 
 (b)  The association is an artifact of post-depositional distur-
bance, with the Châtelperronian having been made by 
Neandertals and the apparently associated symbolic arti-
facts having been downwardly displaced from the over-
lying Aurignacian. 
 (c)  The association is an artifact of post-depositional distur-
bance, with the Châtelperronian having been made by 
modern humans and the apparently associated Neandertal 
remains having been upwardly displaced from the under-
lying Mousterian. 
 The fi rst hypothesis, otherwise known as the “Acculturation” 
model of the Châtelperronian (Mellars  1999 ; Hublin  2000 ; 
Gravina et al.  2005 ; Mellars et al.  2007 ; Mellars and Gravina 
 2008 ), is overtly inconsistent with the empirical evidence, as 
highlighted by d’Errico et al. ( 1998 ), Zilhão and d’Errico 
( 1999 ), and Zilhão et al. ( 2006 ,  2008a ,  b ). Namely, the byprod-
ucts of bone tool and personal ornament production recovered 
alongside the fi nished objects refute notions of acquisition via 
trading or scavenging of abandoned modern human sites, 
while the differences in blank choice, technology and typol-
ogy counter imitation. In addition, chronostratigrapy shows 
that the Châtelperronian precedes the Aurignacian, the puta-
tive interstratifi cation of Châtelperronian and Aurignacian lev-
els at the sites of Le Piage, Roc-de-Combe and Grotte des Fées 
representing in fact excavation error and post-depositional dis-
turbance or mixing. In short, since, at the time, there were no 
modern humans around to trade with or imitate, Acculturation is 
an empirically invalid explanation of the Grotte du Renne record. 
 Moreover, as discussed at greater length elsewhere (Zilhão 
 2007 ), at the time the Châtelperronian emerged in France, 
Southwest Asia was, overland, the closest place where a 
modern human presence is conceivable; therefore, if the 
Grotte du Renne's Châtelperronian resulted from long dis-
tance acculturation, the same sort of process should be 
apparent in the intervening geography, which is not the case. 
In addition, the ornamental material in use at that time in the 
Levant consists entirely of marine shells, mostly  Nassarius 
and similar small-sized species recovered in some of the 
region's Initial Upper Paleolithic (IUP) or Emiran contexts 
(Kuhn et al.  2001 ). Even under the assumption that these 
technocomplexes are associated with modern humans, one 
can hardly see how their use of such beadwork material 
would have prompted Neandertals living thousands of 
 kilometers away to start piercing the teeth of fox and other 
animals to use as neck pendants. Over such large distances, 
the only “infl uence” that could have been exerted is that 
concerning the notion of “personal ornamentation” itself. 
However, in western Europe, Neandertal body painting and 
personal ornamentation have Middle Paleolithic beginnings 
and predate both the IUP/Emiran and the Châtelperronian by 
thousands of years (Soressi and d’Errico  2007 ; Zilhão et al. 
 2010a ; Peresani et al.  2011 ; Morin and Laroulandie  2012 ; 
Finlayson et al.  2012 ). 
 The second hypothesis, originally proposed by Taborin 
( 1998 ,  2002 ) and White ( 2001 ,  2002 ), not only is equally 
unable to explain the techno-typological distinction between 
the Grotte du Renne's Châtelperronian productions and those 
from the Aurignacian, it is also inconsistent with the vertical 
distribution of the fi nds across the stratigraphic sequence of 
the site. In fact, contra what one would expect under such a 
hypothesis, Protoaurignacian level VII yielded only 8 orna-
ments, while 39 were found in the Châtelperronian sequence 
and, of these, three quarters came not from the level immedi-
ately underlying the Protoaurignacian, level VIII, but from 
the deepest one, level X (Zilhão  2006a ,  2007 ,  2011 ). A similar 
objection applies to the third hypothesis, originally proposed 
by Bar-Yosef ( 2006 ) and Bar-Yosef and Bordes ( 2010 ), as, 
conversely, of the 34 Neandertal teeth found at the Grotte du 
Renne, three came from basal Mousterian level XIV, 29 from 
the Châtelperronian, and only two from the immediately 
underlying Mousterian levels XI and XII. 
 Until the late 1990s, attempts at radiocarbon dating the 
Grotte du Renne sequence yielded results for the 
Châtelperronian falling for the most part in the 32–34 ka 
J. Zilhão
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 14 C BP age range (David et al.  2001 ), supporting the inter-
stratifi caton arguments for long-term contemporaneity with 
the Aurignacian and thereby strengthening Acculturation 
views of the evidence. The numerous inconsistencies in the 
dating corpus, however, indicated that those results, 
obtained on associated animal bone samples, were likely to 
be minimum ages only, while detailed analysis of the stone 
tool assemblage in level VII eventually allowed its assigna-
tion to the Protoaurignacian (Bon  2002 ; Bon and Bodu 
 2002 ). The recognition that this facies was of chronological 
rather than geographic or cultural signifi cance implied in 
turn that levels VIII-X of the Grotte du Renne had to predate 
~36.5 ka  14 C BP and, therefore, that most if not all of the 
radiocarbon dates for the site had to be rejected (Zilhão and 
d’Errico  2003 ). 
 Recent redating of the sequence at the Oxford Radiocarbon 
Accelerator Unit (ORAU) using samples treated with the more 
robust ultrafi ltration protocol ameliorated the situation consid-
erably, but some problems of stratigraphic inconsistency 
remained nonetheless (Higham et al.  2010 ,  2011a ,  b ). These 
anomalies prompted a revival of the notion that the site had 
undergone major post-depositional disturbance, thereby provid-
ing ammunition to the view that the presence of symbolic arti-
facts in the Châtelperronian was spurious (e.g., Mellars  2010 ). 
 Fig. 3.2  The symbolic material culture of the Grotte du Renne 
Châtelperronian.  Above : Personal ornaments made of perforated and 
grooved teeth ( 1 – 6 ,  11 ), bones ( 7 – 8 ,  10 ), and a fossil ( 9 );  red ( 12 – 14 ) 
and  black ( 15 – 16 ) colorants bearing facets produced by grinding; bone 
awls ( 17 – 23 ).  Below : Stratigraphic distribution of the key fi nds made in 
the site's Mousterian (levels XI–XIV), Châtelperronian (levels VIII–X) 
and Protoaurignacian (level VII) deposits. From Caron et al. ( 2011 ), 
modifi ed 
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 In a response to such claims, Caron et al. ( 2011 ) and 
Zilhão et al. ( 2011 ) countered that the new results could at 
best signify limited post-depositional displacement across 
the boundaries of adjacent levels. That such limited displace-
ment existed was already known for levels VII and VIII, on 
the basis of the distribution of small fragments of ivory beads 
(d’Errico et al.  1998 ; Zilhão  2007 ), and for levels IX and X, 
on the basis of stone tool refi ts (Bodu  1990 ). This evidence 
in no way questions the site's overall stratigraphic integrity, 
and this for a number of reasons, namely:
 (a)  Mathematical simulation of the post-depositional move-
ment of individual items across stratigraphic boundaries 
shows that the level of disturbance implied by Higham 
et al.'s and Mellars' interpretation of the new ORAU 
results is inconsistent with the vertical distributions of 
diagnostic stone tools, personal ornaments, bone arti-
facts and mineral pigments. 
 (b)  In level X, where the Grotte du Renne's symbolic fi nds 
are concentrated, their distribution is fully congruent 
with that of the hearths and other habitation features. 
  (c)  The stratigraphic outliers among the new dates refl ect 
inaccurate results rather than displaced samples, the cause 
of the errors lying in the poor preservation of collagen, 
aggravated, in the case of bone tools, by contamination 
arising from their curation with glues and consolidants. 
 (d)  The Bayesian model of dates and stratigraphy underpin-
ning Higham et al.'s interpretation is fl awed in their 
choice of priors and testable propositions; when testing 
the signifi cance of outliers under phasing premises that 
are appropriate to the research issue at stake (which is 
whether the personal ornaments and Neandertal remains 
in level X could have been displaced from, respectively, 
levels VII and XI-XII), the new ORAU results fail to 
reject the association between Neandertals and symbolic 
artifacts in the Châtelperronian even in Higham et al.'s 
own terms, i.e., even under the assumption that their 
results are all accurate. 
 These arguments have since been vindicated by a larger 
set of dates, obtained by a different laboratory, on samples 
selected for their good collagen preservation and using the 
same pre-treatment, calibration and modeling tools as 
Higham et al. (Hublin et al.  2012a ). The 26 radiocarbon 
results obtained for the Châtelperronian of the Grotte du 
Renne by Hublin et al.’s study place it in the ~41–45 ka cal 
BP interval, and the four obtained for underlying level XI 
place its last Mousterian occupation in the ~45–46 ka cal BP 
interval (Fig.  3.3 ). In turn, the fi ve dates obtained for 
Protoaurignacian level VII all post-date ~41 ka cal BP, even 
though some corroborate that later Aurignacian components 
also exist therein, as otherwise indicated by a few Aurignacian 
I  diagnostics found among the level's bone and stone tool 
assemblages (including a split-based bone point fragment; 
Julien et al.  2002 ).
 In short: stratigraphic integrity is not an issue at the 
Grotte du Renne, and no reason exists to question the asso-
ciation of Neandertal fossils with personal ornaments in its 
Châtelperronian levels. 
3.4  Early European Modern Humans: 
How Early? 
 Hopefully, Hublin et al.'s ( 2012a ) results will have settled the 
Grotte du Renne controversy. From their dates, however, 
Hublin et al. also concluded that Neandertals “produced 
body ornaments in the northernmost part of [the 
Châtelperronian] geographical distribution only after mod-
ern humans arrived in western Europe and Protoaurignacian 
or Early Aurignacian populations occupied neighboring 
regions” and that “this new behavior could therefore have 
been the result of cultural diffusion from modern to 
Neandertal groups.” On the logical side of things, this resur-
rection of the Acculturation model of the Châtelperronian 
championed by Hublin (e.g., Hublin  2000 ) is rather puzzling, 
as it ignores the evidence accumulated in the meanwhile for 
personal ornamentation in the Middle Paleolithic of Europe, 
≥50,000 years ago (Zilhão et al.  2010a ). On the empirical 
side of things, it is based on the premise that the Aurignacian 
and modern humans were present farther south and farther 
east at the time, ~45 ka cal BP, of Châtelperronian emer-
gence. That such is the case has indeed been argued, but is 
the argument valid? This is the issue to which I now turn. 
3.4.1  Grotta del Cavallo 
 The Uluzzian deposits excavated in the early 1960s at Grotta 
del Cavallo, in southern Italy, yielded two deciduous left 
upper molars: Cavallo-B, a dM 1 from spit EIII of level E, at 
the base of the Uluzzian sequence, and Cavallo-C, a dM 2 
from immediately overlying spit EI-II. Churchill and Smith 
( 2000 ), as others before them, had considered these teeth to 
be of Neandertal affi nities, but Benazzi et al. ( 2011 ) assigned 
them to modern humans on the basis of a morphometric 
comparison employing a combination of two methods: the 
analysis of two-dimensional enamel thickness and of dental 
tissue proportions; and the analysis of the outlines of dental 
crown (for the Cavallo-B dM 1 ) and cervix (for the Cavallo-C 
dM 2 ). On both counts, the two teeth fell clearly outside the 
range of the comparative Neandertal sample and fully within 
that of the comparative modern human sample. However, 
before taking for granted that these results warrant Benazzi 
et al.'s conclusion that the people of the Uluzzian were mod-
ern humans, we need to discuss two issues that they failed to 
address: whether the comparative samples used are suffi cient 
to assess the taxonomic issue at stake; and whether the two 
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teeth are in situ fi nds and truly represent the makers of the 
associated stone tools. 
3.4.1.1  Tooth Morphology 
 Where the morphometric analysis is concerned, the main 
problem is representativeness: of the 11 Neanderthal teeth in 
the comparisons, one (from Subalyuk) is of unknown chro-
nology, eight (from Krapina and Roc-de-Marsal) are of 
Marine Isotope Stage (MIS-) 5 age, and only two (those from 
Pech de l'Azé I) are not much earlier than the Cavallo fossils. 
In their graphs, Benazzi et al. ( 2011 ) do not individually 
identify the fossils, presumably because they assume that 
Neandertal anatomy remained static, there being no need, 
therefore, to consider the issues raised by the change through 
time toward more modern-like patterns seen among later 
Neandertals in post-crania (Trinkaus et al.  1999 ) as much as 
in skull and dentition (Wolpoff et al.  1981 ; Wolpoff  2002 ). 
Of particular relevance in this context is the fact that such 
directional change is most apparent in the contrasts between 
the Krapina (MIS-5) and Vindija (mid-MIS-3) fossil assem-
blages, i.e., in the evolution of Neandertals from south cen-
tral Europe, the broader geographic region concerned by the 
Cavallo study. Therefore, all that can be concluded from 
Benazzi et al.'s study is that the Cavallo teeth are distinct 
from those of last interglacial Neandertals. Whether they are 
also distinct from those of the Neandertals from 50,000 years 
later remains an open issue, and all the more so since, as 
Churchill and Smith ( 2000 ) pointed out, the Cavallo teeth are 
taurodont, as is often the case with Neandertal deciduous 
molars but has never been observed among early modern 
human juveniles. 
 In addition, Benazzi et al. ignore the fact that a deciduous 
incisor, on which Gambassini et al. ( 2005 ) identifi ed 
Neandertal apomorphies and a wear pattern similar to that 
seen in other Neandertal incisors, was also recovered in spit 
EIII of Cavallo (Riel-Salvatore  2009 ). On the face of the 
combined evidence, one would therefore have to conclude 
that Neandertals and moderns coexisted in southern Italy at 
 Fig. 3.3  Calibrated ages and boundaries, modeled with OxCal 4.1 
(Bronk Ramsey  2009 ) and IntCal09 (Reimer et al.  2009 ), for the two 
blocks into which Hublin et al. ( 2012a ) divided the Châtelperronian 
sequence of the Grotte du Renne (upper, level VIII; lower, levels IX–X); 
the samples marked with an asterisk bear anthropogenic modifi cation. 
From Hublin et al. ( 2012a : Fig. 1), modifi ed 
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the time of the Uluzzian and that the issue of who made it 
cannot be answered simply because both groups were impli-
cated. Alternatively, and perhaps more sensibly, one might 
instead conclude: fi rstly, that our understanding of the varia-
tion in the dental morphology of Neandertals and modern 
humans from around the time of contact in western Eurasia is 
incomplete; and, secondly, that it is therefore unwarranted to 
assume that a clear-cut distinction existed at that time solely 
on the basis of the contrasts observed when comparing 
present- day humans with the Neandertals of 100,000 years ago. 
 The pertinence of this point is further highlighted by the 
misidentifi cations produced when Bailey et al. ( 2009 ) 
applied to the Romanian early moderns from Oase a set of 
diagnostic dental criteria designed to discriminate 
Neandertals from modern humans when dealing with iso-
lated fi nds. Despite the large size of the comparative sample, 
it turned out that, if found loose, the Oase 1 mandibular teeth 
would have been classifi ed as modern and the Oase 2 maxil-
lary ones as Neandertal. Bailey et al. fell short of deriving the 
conclusion, but this outcome highlights the inappropriate-
ness, with respect to the fossils of the contact period, of a 
framework where classical Neandertals are dichotomically 
contrasted with extant people or late Upper Paleolithic mod-
ern humans. 
 Bailey et al. used discrete crown traits, but using endo-
structural tissue properties instead does not necessarily clar-
ify the picture, as shown by Bayle et al.'s ( 2010 ) study of the 
dentition of the Lagar Velho child, dated to ~30 ka cal BP. 
Five of the child's teeth were analyzed for their linear, surface 
and volumetric tissue proportions, of which the deciduous 
right upper central incisor came out as Neandertal-like, the 
permanent lower right fi rst molar as modern human-like, and 
the other three (a deciduous lower right lateral incisor, a 
deciduous lower right canine and a deciduous lower right 
second molar) as intermediate on some parameters and mod-
ern human- or Neandertal-like in others. 
 In a subsequent paper dealing with the crown and cervical 
outlines of deciduous lower second molars, Benazzi et al. 
( 2012 ) acknowledged this problem. Where the correspond-
ing Lagar Velho tooth is concerned, they found it to be inter-
mediate between Neandertals and modern humans in crown 
outline, and described this fi nding as corroborating the simi-
lar conclusion derived by Bayle et al. ( 2010 ) from tissue pro-
portions. Benazzi et al. ( 2012 ) also found that the crown 
outlines of three other fossils, two Neandertals and one 
Upper Paleolithic modern, were misclassifi ed by the predic-
tive tool derived from the observed patterns. It is also note-
worthy that the Neandertal sample in this study is composed 
of 14 specimens, of which 11 (those from Abri Suard, 
Krapina, Roc-de-Marsal and Scladina) are of MIS-5 age, two 
are of MIS-3 age (those from Couvin and Engis), and another, 
Cavallo-A, is, presumably, from a Mousterian level of 
unknown age underlying the site's Uluzzian deposit. 
 Subsequent to Benazzi et al.'s ( 2012 ) study, Le Cabec 
et al.'s ( 2013 ) analysis of anterior tooth root morphology and 
size also found a signifi cant overlap between Neandertals 
and early modern humans. In light of these fi ndings, of the 
problems encountered by Bailey et al. ( 2009 ) with the 
Oase fossils, and of the contradictions in expert opinion 
about the affi nities of the teeth found in the Uluzzian levels 
of Cavallo, the conclusion is inescapable: for teeth from 
around the time of contact, secure classifi cation in terms of 
the taxonomic categories of Human Paleontology may be 
possible for large sets (e.g., the Grotte du Renne's) but not for 
isolated fi nds. In short, the evidence upon which Benazzi 
et al. ( 2011 ) assign the Uluzzian to modern humans is incon-
clusive and insuffi cient to reject the hypothesis that the 
Cavallo teeth are Neandertal. 
3.4.1.2  Dating 
 Benazzi et al.'s argument is further weakened by the fact that 
the new radiocarbon dates they obtained for the site suggest a 
more complex stratigraphic situation than they describe: “The 
Uluzzian deposits, about 80–85 cm thick, (…) are divided 
into Archaic Uluzzian (E III), Evolved Uluzzian (E II-I) and 
Final Uluzzian (D II-D Ib). They are separated from the upper 
part of the sequence by a stalagmitic crust (D Ia) and two 
sterile layers of volcanic ash (C II and C Ia-b). (…) 
Directly superimposed are Epigravettian horizons B II-B I 
(Romanellian and Epiromanellian  facies ), of much younger 
age (≈11,000 years BP)” (Supplementary Information, p. 2). 
 Contradicting this straightforward scenario of Late 
Epigravettian over Uluzzian with an intervening level of ster-
ile volcanic ash of presumed Campanian Ignimbrite age (i.e., 
39.3 ± 0.11 ka; de Vivo et al.  2001 ), four of the six dates for 
level D fall in the time range of the Early Epigravettian or 
the Protoaurignacian, which supposedly do not exist at the 
site (Fig.  3.4 ). The three dates in the Protoaurignacian age 
range are consistent with the presence in the stone tool 
assemblage of level D of a component with clear Aurignacian 
affi nities, as pointed out by Gioia ( 1990 ). Based on this lithic 
evidence, I had previously suggested (Zilhão  2007 ) that the 
perforated  Columbella rustica and  Cyclope neritea shells 
from the “Evolved” and “Final” Uluzzian of Cavallo were 
likely to be intrusive items and, indeed, the Early Epigravettian 
date (~22.7 ka cal BP, confi rmed by a repeat) was obtained 
on a specimen of the latter species. This Early Epigravettian 
date raises the question of whether the ash lenses capping 
level D really are Campanian Ignimbrite, but signifi cant dis-
turbance at this stratigraphic interface and affecting deeper 
levels in the sequence is additionally shown by the OxA-
19257 result for level D; at ~45.3 ka cal BP, this date is some 
two millennia older than the single result obtained for under-
lying level E (OxA-19242, ~43.6 ka cal BP), and, given the 




 In their analyses of, respectively, the stone and bone tool 
assemblages from the Cavallo Uluzzian, neither Riel- 
Salvatore ( 2009 ) nor d’Errico et al. ( 2012 ) spotted the pres-
ence of intrusive material in level E, and the ornament shell 
date of ~43.6 ka cal BP is consistent both with those pub-
lished in d’Errico et al. ( 2012 ) for basal spit EIII of the site 
(on charcoal samples) and with age estimates for the Uluzzian 
elsewhere in Italy and Greece (Koumouzelis et al.  2001a ,  b ; 
Higham et al.  2009 ). These observations warrant the overall 
stratigraphic integrity of level E, but do not exclude localized 
movement of individual, small-sized items across its bound-
ary with the signifi cantly disturbed level D, as suggested by 
the OxA-19257 result discussed above, in all likelihood an 
upwardly displaced sample. 
3.4.1.3  An Open Issue 
 From the above, it is clear that even if the two teeth described 
by Benazzi et al. ( 2011 ), Cavallo-B and -C, are eventually 
shown to be of modern humans, their true association with 
the Uluzzian has yet to be securely established, and that can 
only come from the direct dating of the fossils themselves. 
This is because they come from spit EIII, which remains 
undated, and because the presence of intrusive items in 
overlying spits of the Uluzzian deposits is indicated by both 
dating results and stone tool typology. This precludes the 
use of the dates obtained for level D and for spit EI-II of 
level E as an absolute  terminus ante quem for the material 
recovered in spit EIII. 
 The reasoning above assumes that the dates are chrono-
logically related to the human activity recorded in the depos-
its from where they come. However, all of Benazzi et al.'s 
( 2011 ) dates are on beach-collected marine shell beads; there-
fore, the interval between the death of the organism (the 
radiocarbon-dated event) and the time of collection (the 
archeological event of interest) is unknown and can be of 
several hundred or even thousands of years. In this regard, a 
relevant cautionary tale is provided by Douka's ( 2011 ) dating 
of a  Glycymeris shell tool from Ksar' Akil (Lebanon) whose 
age turned out to be seven millennia older than that of the 
Evolved Aurignacian context where it was found. Conceivably, 
the dating anomalies pointed out in the preceding section 
could relate to this problem instead of refl ecting episodes of 
human occupation that went unrecognized at the time of 
excavation. The dated  Cyclope shell, for instance, could 
represent an object of Early Epigravettian age human-
collected from an exposed beach in Late Epigravettian times, 
while the ~42.4 ka  14 C BP bivalve fragment from level D 
could represent an object of Mousterian age likewise human-
collected in later, Uluzzian times. In order to avoid circularity 
and maintain logical consistency, introducing this possibility 
into the discussion implies that all of the results be treated as 
maximum ages. Doing so, however, also automatically means 
not using Benazzi et al.'s ( 2011 ) dates to support a minimum 
age, no matter which, for the fossils recovered in level EIII. 
 In these circumstances, hanging upon the Cavallo evi-
dence the notion that modern humans made the Uluzzian is, 
 Fig. 3.4  Stratigraphy and dating at Grotta del Cavallo.  Left : the uncali-
brated radiocarbon results obtained on samples of marine shell orna-
ments from the Uluzzian levels.  Right : detail of the succession at the 
interface between the Middle and the Upper Paleolithic (modifi ed from 
Benazzi et al.  2011 : Fig. S1, reproduced with permission from 
Macmillan Publishers Ltd/Nature) 
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at present, unwarranted. And even more so are, therefore, the 
speculations concerning the migration route followed by 
such putative pioneer moderns in order to travel from Africa 
to southern Italy (e.g., Moroni et al.  2012 ). 
3.4.2  Kent's Cavern 
 The other European site where modern humans have recently 
been claimed to predate the ~41.5 ka cal BP time horizon is 
Kent's Cavern, in the southern United Kingdom. By their re- 
analysis of the three teeth in the KC4 maxillary fragment and 
the dating of associated faunal samples, Higham et al. 
( 2011c ) assigned the fossil to a modern human that would 
have lived in the region of 41.5–44.2 ka cal BP. 
 Bearing in mind the issues discussed above concerning the 
representativeness of comparative samples and the fuzziness 
of the contrasts between late Neandertal and early European 
moderns in many aspects of dental morphology, the fi rst prob-
lem with this conclusion is that the taxonomic classifi cation 
was proposed as a probabilistic statement, not a certainty. 
More importantly, even if the fossil is indeed one of a modern 
human, the age suggested for it by Higham et al. derives from 
a Bayesian model that makes three key assumptions: that the 
provenience information associated with the fossil is reliable; 
that the deposits in the Vestibule area of the site, from where 
KC4 was recovered in 1927, are characterized by a high 
degree of stratigraphic integrity; and that, in such a context, 
depth-below-datum is a good proxy for the time ordering of 
the dated samples. Zilhão et al. ( 2011 ) and White and Pettitt 
( 2012 ), however, have since demonstrated these assumptions 
to be unwarranted. It is therefore suffi cient here to briefl y 
summarize the reasons why this is so:
 (a)  KC4 was recovered in the context of the excavations 
undertaken at the site by Arthur Ogilvie between 1926 
and 1942. The coeval documentation published by White 
and Pettitt ( 2012 ) leaves no doubt that the bad reputation 
of this work, notorious for its lack of quality in both 
method and recording, is entirely deserved. From the 
photographic evidence (Fig.  3.5 ) we can see how the 
excavations were carried out: by untrained workmen 
using picks and shovels in quarry-like fashion and under 
poor lighting conditions, with fi nds being sorted by 
Ogilvie, with volunteer help, from sediment transported 
away in wheelbarrows.
 (b)  The maxillary fragment and the teeth, although anatomi-
cally associated, were recovered as scattered fi nds, the 
teeth dislodged from their sockets, spread over a dis-
tance of at least 60 cm and in an unrecorded part of 
Trench C, which, at around the time of discovery, was 
being excavated over an area of at least 15 m 2 . The fi nds 
were reportedly made at a depth of 3.2 m below datum, 
but the precision of this information is illusory, as the 
datum used was the non-horizontal base of a granular 
stalagmite above the trench and the diaries acknowledge 
discrepancies of up to 30 cm between measurements 
made in different years. 
 (c)  The uncertainty in the position of the datum implies that 
the fi nds' depth information, even if deriving from actual 
on-the-spot measurements, cannot be used as a proxy for 
their relative age. Additionally, such a use would be 
legitimate only if the bedding were horizontal or nearly 
so, which is hardly the case. 
 (d)  Above a stalagmitic fl oor encountered at a depth of 
~2.4 m, the Trench C deposits were accumulated by tor-
rential fl ooding, which implies that material of rather 
disparate ages could be included therein, and in no inter-
nal stratigraphic order. This jumbling effect would have 
been aggravated by post-depositional displacement 
(through solifl uction, cryoturbation and animal burrow-
ing). The pertinence of these points is highlighted by 
 Fig. 3.5  Ogilvie's 1927 excavations at Kent's Cavern.  Below: a view of 
the work in the Vestibule.  Above: the spoil, transported by wheelbarrow, 
is sorted by Ogilvie and volunteers. From White and Pettitt ( 2012 : Figs. 





refi ts that cut across stratigraphic boundaries, including 
major ones; namely, fragmentary fl ints recovered both 
below and above that 2.4 m stalagmitic fl oor have been 
shown to come from the breakage of a single blade 
(Fig.  3.6 ). This blade probably relates to the Evolved 
Aurignacian occupation of the site, evidence for which 
was found higher up in the sequence, and shows how 
material of such younger age could be present in, or have 
moved down the Trench C deposits to a depth compara-
ble to that reported for the KC4 fossil.
  (e)  Even in the best scenario of horizontal stratigraphy and reli-
able elevation records, the genesis of the levels above the 
~2.4 m stalagmitic fl oor implies that any fi nds made therein 
will be a combination of material coeval with the event that 
accumulated those levels and of older material plucked out 
from deposits eroded along the path of the torrential fl ow. 
Therefore, the date of formation of the levels above the 
~2.4 m stalagmitic fl oor (and, consequently, the  terminus 
ante quem they represent for the underlying strata) is given 
not by the oldest but by the youngest of the fi nds made 
therein—i.e., that  terminus is ~27 ka  14 C BP (Fig.  3.6 ). 
  (f)  The 2.4 m stalagmitic fl oor provides evidence that the 
Trench C sequence formed over at least two periods of 
accumulation, but the post-depositional disturbance 
observed across this boundary means that fi nds made at 
about its depth or somewhat lower down are not neces-
sarily older. Therefore, the age of KC4 can at best be 
constrained by the results obtained for the samples 
 collected well below it, at the base of the sequence. The 
 terminus post quem so provided is one of 35.2 ka  14 C BP, 
the age of a rhino tibia sample (OxA-14715) reportedly 
found 45–75 cm deeper than the human fossil. 
 Under the assumption that these stratigraphic con-
straints are valid, it becomes apparent that the date 
obtained in 1989 for a sample from KC4 itself 
(30,900 ± 900  14 C BP; OxA- 1621) may well be not much 
off the mark, despite all the potential problems with its 
chemistry. Alternatively, we can treat the entire sequence 
as jumbled or potentially so, in which case little else can 
be said about the age of the fossil beyond that it must lie 
somewhere between the youngest and oldest of all the dates 
obtained for Trench C, i.e., in the 27–50 ka  14 C BP interval. 
 Fig. 3.6  Right : Schematic 
stratigraphy of Kent's Cavern 
Trench C (modifi ed from Higham 
et al.  2011c : Fig. 2, reproduced 
with permission from Macmillan 
Publishers Ltd/Nature), and 
radiocarbon results obtained on 
faunal samples associated with 
the KC4 maxillary fragment; 
given the deposit's formation 
process, the only age constraint 
for the fossil is the  terminus post 
quem provided by the ages 
obtained for samples reported to 
come from a lower elevation. 
 Left : The different fragments of a 
single refi tted blade from Trench 
C (reproduced from Jacobi and 
Higham  2011 : Fig. 11.7, with 
permission from Elsevier Ltd) 
are reported to come from both 
above and below the LS 
stalagmite 
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In short: contra the claims made by Higham et al. ( 2011c ), 
KC4 provides no support for modern human presence in 
Europe prior to ~41.5 ka cal BP. 
3.5  The Chronology of Modern Humans' 
Archeological Proxies 
 Neither the two Cavallo deciduous teeth nor the Kent's 
Cavern maxillary fragment support the presence of modern 
humans in pre-Aurignacian times, but the directly dated 
Oase fossils place them in at least Eastern Europe during the 
Protoaurignacian. As I have extensively discussed elsewhere 
(Zilhão  2007 ,  2011 ), relating the latter with modern humans 
therefore makes sense, and all the more so since a signifi cant 
transformation of Europe's cultural geography occurred at 
the time: where, before, regionally diverse early Upper 
Paleolithic, so-called “transitional” industries existed, the 
pattern then became one of cultural homogeneity across vast 
regions of southern Europe and of mid-latitude central and 
western Europe. 
 In fact, the pattern extends to southwest Asia, given the 
technological and typological similarity between the 
Protoaurignacian and the Early Ahmarian (Belfer-Cohen and 
Goring-Morris  2003 ), and the latter's association with mod-
ern humans (the now lost child “Egbert” from Ksar' Akil; 
Bergman and Stringer  1989 ). As discussed above and in 
more detail elsewhere (Zilhão  2006b ; Trinkaus and Zilhão 
 2013 ), the Protoaurignacian/modern human relation needs 
not be exclusive and Neandertal involvement in the spread of 
the technocomplex cannot be ruled out at present. Even so, 
these patterns imply that it does make sense to construe the 
Protoaurignacian as the spilling off of Near Eastern cultural 
developments into adjacent Europe as part of the process of 
modern human dispersal into the continent. 
 In the following, I will therefore discuss some recent 
work on the chronology of the Early Ahmarian and the 
Protoaurignacian, as well as related claims that both could 
have emerged well before ~41.5 ka cal BP. As some scholars 
have suggested that these technocomplexes are representa-
tive of Mediterranean areas only and that a separate spread of 
modern humans following the Danube corridor took place 
alongside or even at an earlier time (Conard and Bolus  2003 ; 
Mellars  2004 ; Higham et al.  2012 ), I will also discuss 
whether claims for the precocious occurrence of other forms 
of the Aurignacian in southern Germany and Austria are sup-
ported by dating and stratigraphy. 
3.5.1  Early Ahmarian: Kebara 
 The cave of Kebara, Israel (Bar-Yosef and Meignen  2007 ), 
has been the key site for the radiocarbon dating of the 
Middle-to- Upper Paleolithic transition in Southwest Asia, 
but the results on charcoal reported by Bar-Yosef et al. ( 1996 ) 
(Table  3.1 ) for the corresponding levels show many inconsis-
tencies. Two open air sites in the Negev (Boker Tachtit and 
Boker A; Marks  1983 ; Jones et al.  1983 ; Monigal  2003 ) also 
feature radiocarbon- dated occurrences of the Early 
Ahmarian, but the associated uncertainty intervals are too 
large.
 Given this situation, I have suggested (Zilhão  2007 ) that 
the chronology of this technocomplex be anchored to the  ter-
minus post quem provided by the sequence of IUP (or 
Emiran) levels of the southern Turkish site of Üçağizli (Kuhn 
 2002 ,  2003 ; Kuhn et al.  2001 ,  2009 ), where the Early 
Ahmarian overlies the IUP (as is always the case in the 
region when both are present, namely at Ksar' Akil). This 
approach implies a time of emergence for the Early Ahmarian 
no earlier than ~40.0–41.5 ka cal BP, in the range of the 
European Protoaurignacian. Based on a new series of char-
coal results (Table  3.2 ), Rebollo et al. ( 2011 ), however, have 
since claimed that, at Kebara, the Early Ahmarian emerged 
no earlier than ~49 and no later than ~46 ka cal BP.
 This claim creates a contradiction with the chronostrati-
graphic framework based on the correlation of the three long 
sequences that span the Middle-to-Upper Paleolithic transi-
tion in the region: if Rebollo et al. ( 2011 ) are correct for 
Kebara, the Early Ahmarian would have begun there fi ve to 
ten millennia earlier than at Ksar' Akil (only 150 km to the 
north) or Üçağizli (another 240 km further north), and would 
have been even earlier than the Mousterian of the former and 
the IUP of the latter. So, either the dates for the pre-Early 
Ahmarian deposits of Ksar' Akil and Üçağizli are greatly 
rejuvenated, something that Rebollo et al. ( 2011 ) do not sug-
gest, or their interpretation of the Kebara results is fl awed. 
3.5.1.1  The Discrepancy Between ABA and ABOx 
 The charcoal samples collected in the fi eld by Rebollo et al. 
( 2011 ) come from Early Ahmarian units III and IV, and from 
Mousterian unit V. A fi rst set of results was obtained on sub- 
samples pre-treated at the Weizmann Institute with the stan-
dard ABA (Acid-Base-Acid) protocol and then measured at 
the ORAU; the second set was obtained on untreated sub-
samples processed with the ABOx-SC (Acid-Base- 
Oxidation-Stepped Combustion) protocol at the ORAU and 
measured there. 
 Contrary to what is usually the case (Brock and Higham 
 2009 ), the ABOx results came out systematically younger 
than those obtained with ABA, in some cases by more than 
fi ve millennia. Rebollo et al.'s ( 2011 ) explanation for this 
anomaly is that the dating was carried out in the initial phase 
of setting-up ABOx at the ORAU and that, nowadays, the 
anomalous ABOx results would have been failed because of 
their low %C on combustion. They argue that, by rejecting 
results where this parameter is below 50 %, ABOx and ABA 
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do agree; for the Kebara samples, the latter would be gener-
ally more reliable because the rejuvenation would be caused 
by carbon dioxide adsorbed from the atmosphere by “sili-
ceous aggregates that are not eliminated during the ABA and 
ABOx pre-treatments and are present in relative higher con-
centration in the ABOx fractions” (p. 2429). 
 However, for a radiocarbon measurement in this age 
range to be rejuvenated to the extent seen in, for instance, the 
pair of subsamples from unit V sample R19V2 (OxA-
V- 2253-46, 45,200 ± 700  14 C BP, by ABA; OxA-X-2252-7, 
36,300 ± 650  14 C BP, by ABOx), the proportion of modern 
(e.g., 20 year-old), atmospheric-induced contamination 
remaining in the ABOx-ed subsample would have to be 
0.73 % (Fig.  3.7 ). This is under the assumption that the ABA 
result is accurate, but Rebollo et al.'s ( 2011 ) explanation 
implies that their ABA results are also affected by modern 
contamination, even if less so. As ABA dates in the range of 
51.5 ka  14 C BP were obtained for unit V, we can place at 
~0.15 % the maximum level of modern contamination 
admissible for such dates because, even if a sample's true age 
is infi nite, 52,250 is the oldest radiocarbon age measurement 
possible at that level (Fig.  3.8 ); or, put another way, because 
higher levels of modern contamination will result in dates 
younger than 52,250 even for samples of infi nite age.
 Given these constraints, let us postulate a general level of 
0.10 % modern contamination for the ABA subsamples and 
recalculate the contamination of the ABOx subsamples 
implied by the discrepancy seen in the pair of results obtained 
for unit V sample R19V2. The true age of this sample would 
then be 47,800 instead of the measured 45,200, i.e., the 
ABOx result of 36,300 would be rejuvenated by 11,500 years 
instead of 8,900, and the level of modern contamination 
implied would therefore be of 0.83 % instead of 0.73 %. At 
these levels, the oldest radiocarbon age measurements pos-
sible are 38,510 and 39,541, respectively (Fig.  3.8 ), so pos-
tulating such general levels of contamination for the ABOx 
results is inconsistent with the ABOx date of 50,600 ± 1600 
 14 C BP (OxA-18803) obtained for unit V sample R19aV_4 
(Table  3.2 ) even if the ABA dates are deemed exempt of any 
form of contamination. 
 If, instead, we take this 50,600 result as an indicator of the 
maximum extent to which the ABOx dates could have been 
affected by modern contamination, then the corresponding 
level is 0.18 % (Fig.  3.8 ). Averaging Rebollo et al.'s ( 2011 ) 
validated ABA results for units III and IV would place them 
at ~42,000 and ~42,625, respectively. Therefore, if these 
ABA results are accurate and the ABOx-ed subsamples 
retained 0.18 % of modern contaminating carbon, then the 
 Table 3.1  The radiocarbon dates on charcoal samples reported by Bar-Yosef et al. ( 1996 ) for Kebara 
 Provenience  Lab #  Date BP 
 Unit VII square Q19  OxA-3981  >44,800 
 Unit VI square P24  Gif-TAN-90029  >48,000 
 Unit Vw square Q15d  Gif-TAN-90030  >46,900 
 Unit Vw square Q16, near burrow  OxA-1568  38,000 ± 2,100 
 Unit V square Q15d  OxA-3980  >44,800 
 Unit V square Q14d  OxA-3979  >44,000 
 Limit Unit IV–V, in Q16b/Q15d  Pta-5141  43,700 ± 1,800 
 IVB  Pta-5002  42,500 ± 1,800 
 IVB  Pta-4987  42,100 ± 2,100 
 IVB, adjacent to burrow  OxA-3978  28,890 ± 400 
 IIIB  OxA-3976  43,500 ± 2,200 
 IIIBf  OxA-3977  >43,800 
 IIIBf  Gif-TAN-90037  >42,500 
 IIIBf  OxA-1567  35,600 ± 1,600 
 IIIBf  Gif-TAN-90168  >41,700 
 IIIB  Pta-4267  36,100 ± 1,100 
 IIf hearth  Gif-TAN-90028  34,300 ± 1,100 
 IIf hearth  Gx-17276  42,800 ± 4,800 
 IIf  OxA-1230  36,000 ± 1,600 
 IIf above hearth  Gif-TAN-90151  32,670 ± 800 
 II, in burrow  Pta-4263  31,400 ± 480 
 II, in burrow  Pta-4269  28,700 ± 450 
 II top  OxA-3975  33,920 ± 690 
 I base  OxA-3974  34,510 ± 740 
 I  Pta-4268  32,200 ± 630 
 I subsurface  Pta-4247  22,900 ± 250 
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ABOx measurements for these units should have been 
~40,000 (Fig.  3.8 ; specifi cally, ~39,690 for unit III and 
~40,150 for unit IV). This is in the range of what was actu-
ally measured, except for OxA-18801, an ABOx result of 
35,160 ± 310 14 C BP obtained for unit IV. For this particular 
result, 0.77 % is the level of modern contamination implied 
if the real age of the sample was ~42,000 (Fig.  3.8 )—about 
the same as that implied under comparable assumptions for 
the statistically identical ABOx result of 36,300 ± 650  14 C BP 
(OxA-X-2252-7) for unit V (Fig.  3.7 ). Conversely, postulat-
ing a 0.18 % level for OxA-18801 produces an age shift from 
35,160 to only 36,380, which keeps it fully within the Early 
Ahmarian age range implied by regional chronostratigraphy 
and clearly outside the range of the other ABOx results—
exactly as discussed above for OxA-X-2252-7. 
 From this exercise we can draw two conclusions. The fi rst 
is that the discrepancy between the ABA and ABOx results 
cannot be explained by a lab-specifi c or protocol-specifi c 
contaminating factor acting upon the samples in a regular, 
consistent manner; clearly, the contamination problems are 
sample- or subsample-specifi c and, consequently, calculat-
ing a parameter that would enable us to estimate the extent to 
which each individual result deviates from the sample's real 
age is not possible. In these circumstances, the validity and 
archeological signifi cance of the results can only be assessed 
against external criteria, namely those of stratigraphic con-
sistency, not against the intrinsic chemical properties of the 
samples themselves, even when these meet pre-specifi ed 
quality controls. The alternative approach is to sort out the 
“good” from the “bad” dates on the basis of inferred levels of 
modern contamination that would explain the anomalies. 
Such post-hoc assigning of the level of contamination that 
would bring the “bad young” result obtained for a given sam-
ple in line with the “good old” result expected would consti-
tute, however, an evidently circular, and therefore invalid, 
argument. 
 The second conclusion is that many if not all of Rebollo 
et al.'s ( 2011 ) results are likely to correspond to minimum 
ages only. In fact, under their “atmospheric adsorption by 
siliceous aggregates” explanation and consequent admission 
that the ABA dates are also affected by the problem, a resid-
ual modern contamination level of 0.10 % suffi ces to shift 
the 51,500 result for unit V to 59,000 (Fig.  3.7 )—i.e., to 
beyond the ten half-lives accepted by the radiocarbon dating 
 Table 3.2  The AMS radiocarbon dates on charcoal samples from 
Kebara published by Rebollo et al. ( 2011 ). The age measurements were 
carried out at the ORAU. The ABA results are on subsamples pre-
treated at the Weizmann Institute, the ABOx results are from a different 
set of untreated subsamples separately processed at the ORAU 
 Sample number  Sample name  Square  Unit  Pre-treatment 
 Weight loss % 
after 
pre-treatment  %C (combustion)  OxA  Date BP 
 1  R16cIIIb_2  R16c  IIIb  ABA  74.9  58.0  V-2253-42  40,500 ± 400 
 60.9  V-2253-43 a  40,600 ± 400 
 ABOx-SC  95.4  72.1  18,458  41,050 ± 450 
 2  R17aIIIb,f  R17a  IIIbf  ABA  53.9  57.0  V-2220-42  42,600 ± 500 
 ABOx-SC  98.4  64.3  18,791  42,800 ± 650 
 3  R16cIIIb_1  R16c  IIIb  ABA  56.4  59.7  V-2220-41  42,850 ± 550 
 ABOx-SC  94.3  49.3  X-2222-32  41,400 ± 1,200 
 4  R19aIV_1  R19a  UP Channel  ABA  68.0  55.7  V-2220-43  34,540 ± 250 
 5  R17aIV  R17a  IV  ABA  48.0  69.8  V-2253-44  41,650 ± 450 
 ABOx-SC  84.7  67.7  18,459  40,400 ± 400 
 6  R19aIV_2  R19a  IV  ABA  79.6  55.9  V-2253-45  43,600 ± 600 
 ABOx-SC  95.7  29.5  18,402  40,300 ± 550 
 ABOx-SC  96.5  27.7  18,801 b  35,160 ± 310 
 7  R19aIV_4  R19a  IV  ABA  77.0  46.7  V-2269-35  36,110 ± 330 
 ABOx-SC  97.4  10.6  X-2264-29  40,500 ± 1,200 
 8  R19aV_2  R19a  V  ABA  77.9  53.8  V-2253-46  45,200 ± 700 
 ABOx-SC  94.9  13.3  X-2252-7  36,300 ± 650 
 9  R15cV  R15c  V  ABA  70.3  62.3  V-2267-43  46,250 ± 650 
 ABOx-SC  89.3  51.7  18,792  44,800 ± 650 
 10  R19aV_4  R19a  V  ABA  77.0  55.6  V-2267-45  49,600 ± 1,000 
 ABOx-SC  93.8  33.1  18,803  50,600 ± 1,600 
 11  R19cV  R19c  V  ABA  88.6  56.6  V-2267-46  51,500 ± 1,200 
 ABOx-SC  91.0  21.8  18,804  44,300 ± 1,000 
 a AMS measurement repeated for this sample as a standard procedure at 
ORAU 
 b Sample pre-treated twice, and each fraction subjected to AMS mea-
surement, as a standard quality control procedure at ORAU 
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community as the practical limits of the method. This thresh-
old is also crossed for the other ABA results of Rebollo et al. 
( 2011 ) given a somewhat higher value of 0.40 %; but even 
the 0.10 % level suffi ces to bring their ABA dates for units 
III, IV and V to an age range (≥45,000  14 C BP, i.e., 
≥48,000 cal BP) that fully overlaps that determined by TL 
for underlying units VI and VII—48.3 ± 3.5 ka and 
51.9 ± 3.5 ka years ago, respectively (Valladas et al.  1987 ). 
 Given the contamination issues, it is thus entirely plau-
sible that all of Rebollo et al.'s ( 2011 ) samples, including 
those collected in the Early Ahmarian levels, are in fact of 
Middle Paleolithic age. Indeed, the possibility that these 
levels contain inherited or intrusive charcoal was already 
implicit in the set of ABA dates published by Bar-Yosef 
et al. for unit III. Besides three infi nite results, this set 
included three fi nite ones—43,500 ± 2,200 BP (OxA-3976), 
36,100 ± 1,100 BP (Pta-4267), and 35,600 ± 1,600 BP (OxA-
1567) (Table  3.1 ). Rebollo et al. ( 2011 , Fig. 4A) accept their 
accuracy and combine them in a single phase to produce a 
Bayesian model putatively supporting the notion derived 
from their own results that the start date for this Early 
Ahmarian unit falls in the 46–49 ka cal BP range. However, 
despite the large standard deviations involved, the oldest of 
Bar-Yosef et al.'s fi nite results for unit III, which does fall in 
the same time range as those obtained by Rebollo et al. 
( 2011 ), is clearly statistically distinct from the others; and, 
if two different populations of age measurements exist in a 
given stratigraphic unit, then, by defi nition, this unit cannot 
be modelled as a single occupation phase. 
 Modelling modern contamination as above and under 
assumptions that do not shift to radiocarbon infi nity the older 
of Bar-Yosef et al.'s fi nite results for unit III, we see that, 
because of exponential decay, the corresponding impact is 
insuffi cient to change the younger ones. The averaged result 
of these younger results is 35.8 ka  14 C BP and, for modern 
contamination values up to 0.65 %, the corresponding con-
tamination curve runs broadly parallel to the 36,300 curve in 
Fig.  3.7 ; using this graph, it is therefore easy to obtain the 
true ages—37,100 and 36,500, respectively—into which a 
35,800 result would translate with contamination levels of 
0.18 and 0.10 %. However, considering the associated uncer-
tainty intervals, 35,800, 37,100 and 36,500 are in this case 
statistically the same radiocarbon age. Therefore, modelling 
such low levels of modern contamination is insuffi cient to 
impact the chronological signifi cance of the Pta-4267 and 
OxA-1567 measurements, which is that they place the Early 
Ahmarian of Kebara in full contemporaneity with the 
Protoaurignacian of Europe; as can also be easily verifi ed in 
Fig.  3.7 , the level we have to model in order to bring these 
two results to the range of Rebollo et al.'s ( 2011 ), i.e., to ~42 
ka 14 C BP, is 0.63 %. As a last resort, one could hypothesize 
that such a level pertained in the specifi c case of the samples 
from unit III; the hypothesis, however, would be inconsistent 
with the fact that seven out of the nine ABA dates obtained 
for it by both Bar-Yosef et al. and Rebollo et al. ( 2011 ; 
Tables  3.1 and  3.2 ) are older than the limit—40.7 ka  14 C 
BP—beyond which fi nite age measurements become impos-
sible with that level of contamination (Fig.  3.8 ). 
 To sum up, the impact of atmospheric-induced, modern 
contamination cannot provide an overarching explanation 
for the discrepancy between Rebollo et al.'s ( 2011 ) ABA and 
ABOx results. Depending on model assumptions, the levels 
of such contamination implied by the discrepancy would 
either bring all of their Early Ahmarian results into the range 
of those obtained by TL for the underlying Middle Paleolithic, 
or be insuffi cient to age in any signifi cant manner those 
obtained by ABOx that fall in the 35–36 ka  14 C BP range. 
Either way, another conclusion is inescapable: even though 
the artefacts in Kebara units III and IV are of Early Ahmarian 























 Fig. 3.7  The true age that samples radiocarbon-dated to 51,500, 
42,625 and 36,300 BP would have if a low-level, atmospheric-induced 
(here modeled as 20-year old) contamination remained after pre- 
treatment. For such dates to be returned with modern contamination 
levels above, respectively, 0.15 %, 0.48 % and 1.10 %, the samples 

























 Fig. 3.8  The age measurements that would be obtained for a sample 
with a true radiocarbon age of 42,000 BP and for a sample of infi nite 
age (here modeled as 250,000 BP) if a low-level, atmospheric- induced 
contamination (here modeled as 20-year old) remained after pre-treat-
ment. The infi nite age curve can also be read as returning the maximum 
age measurement possible for the given level of a sample's contamina-
tion by modern carbon 
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affi nities, a signifi cant proportion of the charcoal therein is 
of an earlier, Middle Paleolithic age. This may seem counter- 
intuitive at fi rst glance, but is in fact supported by the site's 
geological study, to the implications of which I now turn. 
3.5.1.2  Implications of Site Formation Process for 
the Age of the Dated Carbon 
 Under the premise that the valid ABA results for unit III are 
Bar-Yosef et al.'s Pta-4267 and OxA-1567 (35.6–36.1 ka  14 C 
BP, ~40.0–41.5 ka cal BP), two explanations are conceivable 
for the older results: they are accurate but refl ect the true age 
of charcoal that, although recovered in units III and IV, is 
reworked from the Mousterian; or they are inaccurate and 
refl ect some form of ancient (instead of modern) contamina-
tion, one resulting from the physical presence in the Early 
Ahmarian samples of charcoal (or burnt organic particles) of 
an earlier, Mousterian age, or from the chemical interaction 
between such components and the Early Ahmarian 
charcoal. 
 The site formation process described by the excavators 
for the accumulation of Kebara's Upper Paleolithic deposits 
supports the presence of Mousterian charcoal in units III and 
IV of the profi le sampled by Rebollo et al. ( 2011 ): “… the 
onset of the collapse and subsequent fi lling of the cave (…) 
into the Upper Paleolithic took place during relatively wetter 
conditions” as demonstrated “not only by the constant fi nely 
laminated nature of these deposits, which were placed by 
low energy sheetfl ow, but also by the presence of diatoms, 
which indicate a wet substrate in the cave in the Upper 
Paleolithic layers” (Goldberg et al.  2007 , p. 86). These layers 
were laid down over a slope formed as a result of erosion and 
subsidence processes that, in this part of the cave, deformed 
the surface of the Middle Paleolithic deposit prior to (and 
continuing throughout) the accumulation of the Upper 
Paleolithic layers. For water-saturated material, such a con-
fi guration implies instability; until an equilibrium is reached, 
the sediments will fl ow like a fl uid, entailing the redeposition 
along the slope of material derived from higher up, i.e., in 
this case, from Middle Paleolithic units located toward the 
entrance of the cave (Figs.  3.9 and  3.10 ). As these Middle 
Paleolithic units are made up of ashy and organic-rich burned 
material, the formation process of the Early Ahmarian units 
from the area of the cave that was sampled for radiocarbon 
dating implies that abundant amounts of inherited charcoal 
and carbon-rich soil particles of Middle Paleolithic age must 
exist therein.
 The implications of this inference are obvious, but it must 
be borne in mind that in and of itself the inference I am mak-
ing here is nothing new; it is a restatement of Goldberg 
et al.'s ( 2007 ) unambiguous description of the Upper 
Paleolithic deposits of Kebara: “Inside the cave they grade 
laterally to thinly bedded silt- and sand-sized aggregates 
composed of reworked Middle Paleolithic hearths, ashes, 
and other Mousterian sediments that were eroded after the 
major phase of subsidence” (p. 50); “the composition of 
these deposits indicates that they are largely a mixture of 
reworked burned materials and some terra rossa, much of 
which was derived from upslope to the west” (p. 73). 
 Some of Rebollo et al.'s ( 2011 ) samples are reported to 
come from the in situ hearth features found interspersed 
 Fig. 3.9  Kebara.  Bottom : Site plan with indication of the grid (the 
2 × 2 m units are from Stekelis' 1951–1965 excavations, the 1 × 1 m units 
are from the 1980s work; courtesy Kebara Archive, modifi ed) and of the 
excavated areas and their designation ( 1 western sector;  1a west profi le 
composite;  2 northern sector and kitchen area;  3 south sector and com-
posite profi le;  4 eastern sector and composite profi le).  Top : Schematic 
cross-section of the site, with indication of the main stratigraphic blocks 
(courtesy Kebara Archive, modifi ed); when viewed in two dimensions, 
the Early Ahmarian deposit has a wedge shape refl ecting a formation 
process primarily involving the accumulation against the back wall of 
reworked Middle Paleolithic sediments derived from the entrance; how-
ever, interspersed within the deposit, there are several in situ partial 
hearths (black charcoal and white ashy layers; cf. Fig.  3.10 ), often cut by 




within units III and IV. This is not the case, however, with all 
of them: “Collection of charcoal samples for this study was 
conducted during the 2006 excavation season, and was  pri-
marily limited to hearth areas which we considered to be 
well-defi ned intact contexts” (p. 2426, my emphasis). Also, 
of the 23 samples obtained, only 11 were eventually found to 
be suitable for dating, and only three of them (two from unit 
III and one from unit IV) are piece-plotted. Since the specifi c 
information is missing from Rebollo et al.'s ( 2011 ) prove-
nience table, it is unclear whether the samples from units III 
and IV that ended up being dated are among those collected 
in the hearths. The projection over the south profi le of the 
two that were both dated and piece-plotted (samples 1 and 3; 
cf. Fig.  3.10 , where the information is taken from Rebollo 
et al.  2011 , Fig. 2) suggests not. And, of those that were not 
piece-plotted, only sample 2 can be assumed to be among 
those collected in a hearth feature, given its “IIIbf” labeling 
(where “f” stands for the French word  foyer , or hearth). 
 The important point, however, is that, in the case of 
Kebara units III and IV, the likelihood that a sample is of 
Mousterian age (or contaminated by carbon of that age) is 
not necessarily smaller simply because it was collected in a 
hearth context. The hearths in those units are not constructed, 
namely, they do not correspond to basins with a fi ll entirely 
made up of material combusted after the excavation of the 
basin itself. Instead, they correspond to areas where the fuel 
was burnt directly on the ground surface and, therefore, ones 
where the sediments bearing the distinctive characteristics of 
in situ fi re activity include material present in the pre- 
existing, surface-exposed deposits. Additionally, it must be 
borne in mind that not all of the dated samples were indi-
vidual charcoal pieces: “when several pieces had to be 
pooled in order to obtain the minimal necessary weight 
(around 100 mg) it was known from fi eld observations that 
the charcoal fragments were all derived from one deposi-
tional unit” (Rebollo et al.  2011 , p. 2426). 
 Given the presence of reworked charcoal in the sediments 
upon which the in situ hearths were fi red and the composite 
nature of at least some of the dated samples, it is clear that 
their physical contamination with charcoal or charred organic 
material of Middle Paleolithic age is more than a distinct 
possibility. The discrepancies in the results obtained by 
Rebollo et al. ( 2011 ) for subsamples of the same sample 
when using ABOx instead of ABA (and, in the case of 
R19aIV_2, even for two separately processed ABOx dates; 
Table  3.2 ) suggest, however, that the problems go beyond the 
physical displacement of charcoal fragments, especially in 
the light of the micromorphological observations reported by 
Goldberg et al. ( 2007 , p. 86): “Ensembles A and B [in the 
south profi le, units Ia to V-upper, including Early Ahmarian 
units III and IV] in the interior commonly contain crudely 
bedded aggregates and masses of reddish silty clay. In addi-
tion, however, they commonly contain charcoal and, more 
importantly, fi nely comminuted pieces of charred organic 
matter that are incorporated into the matrix.” Because of 
their small size, these particles cannot be removed by 
mechanical methods prior to chemical pre-treatment. At 
Kebara, what is returned as a date is therefore the percent  14 C 
content of the carbon extracted from samples that contain 
inherited organic matter particles; consequently, whether 
such carbon is entirely endogenous to the wood burnt in the 
fi ring event whose age one intends to measure is clearly an 
open issue. This is implicit in Rebollo et al.'s ( 2011 ) rejec-
tion of 12 of the 23 samples originally collected on the 
grounds that the weight loss undergone at the end of the 
ABA pre-treatment—a quality indicator for charcoal 
samples—was too high. However, weight loss was still quite 
signifi cant even for those 11 samples that were considered 
 Fig. 3.10  Kebara. Columns 
14–18 of the south profi le along 
mid-row R of the 1990s grid, after 
the 2006 sample collection season 
(courtesy Kebara Archive, 
modifi ed), with indication of the 
position of samples 1–3, 5 and 9 
of Rebollo et al. ( 2011 ) and of the 
major stratigraphic units (the letter 
“C” indicates a channel cut into 
units III-V and fi lled with Upper 
Paleolithic materials); note that, 
according to Goldberg et al. 
( 2007 ), the sedimentary matrix of 
units III and IV includes reworked 
burnt and phosphatized material, 
derived from Middle Paleolithic 
levels located at higher elevation 
elsewhere in the cave 
 
3 Neandertal-Modern Human Contact in Western Eurasia: Issues of Dating, Taxonomy, and Cultural Associations
40
reliable—between 48.0 and 79.6 % (65.0 ± 12.5 %) for the 
six samples from units III and IV (Table  3.2 ). 
 In this respect, note that, as illustrated in Fig.  3.11 , a sample 
with a true radiocarbon age of 35,800 years (the average of Pta-
4267 and OxA-1567) can indeed yield an age measurement of 
42,000 (the average of Rebollo et al.'s ( 2011 ) three ABA mea-
surements for unit III) if 62.7 % of the carbon in it has a radio-
carbon age of 51,500 years (Rebollo et al.'s ( 2011 ) ABA date for 
Middle Paleolithic unit V). Because of exponential decay and 
the half-life of radiocarbon, increasing the age of the contami-
nant does not much change the amount required for the shift, 
which has to be at least 53.8 % even if the contaminant is of 
infi nite radiocarbon age. In theory, these values could explain 
Rebollo et al.'s ( 2011 ) results if we reversed their argument con-
cerning the reliability of ABOx versus ABA.
 For instance, in the case of samples R19aIV_2 (unit IV) 
and R19aV_2 (unit V), ABOx-dated to ~35–36 ka  14 C BP 
(Table  3.2 ), let us assume that only ABOx was capable of 
removing all contaminants, including old ones; the ABA 
results for those samples (~43–45 ka  14 C BP; Table  3.2 ) would 
then be explained by 77.2–81.8 % of 50,000 year-old carbon 
remaining in the corresponding subsamples after pre- 
treatment. This reasoning implies that unit V sample R19aV_2 
is of Upper Paleolithic age, but that Upper Paleolithic charcoal 
could be present in unit V is implicit in Rebollo et al.'s ( 2011 , 
p. 2431) acknowledgment that it “contains mostly a Late 
Mousterian assemblage with less than 10 % of small tool types 
(including a few bladelets) traditionally attributed to UP. This 
intrusion is possibly due to trampling and vertical penetration 
through minicracks observed in the fi ne clay  terra rossa, sedi-
ments that originated from the entrance of the cave.” Where 
the Middle Paleolithic deposits of the south profi le, from 
where Rebollo et al.'s ( 2011 ) samples come, are specifi cally 
concerned, such intrusions are explicitly mentioned by 
Goldberg et al. ( 2007 , p. 55): “some layers in uppermost part 
contain Upper Paleolithic material.” 
 The proportions of older carbon required by this “chemi-
cal” contamination scenario are, however, unrealistic. They 
are also so high that, for all practical purposes, such a sce-
nario cannot be distinguished from that of “physical” con-
tamination—of the deposits or, in the case of the composite 
samples, of the samples themselves. In any case, whichever 
the cause, the problems with the Kebara samples clearly pre-
clude the use of Bayesian modeling, which requires certainty 
about the accuracy of both the results and their time ordering. 
That cannot be the case at Kebara, where (a) introducing the 
possibility that the ABA results are modern- contaminated, 
even if only quite moderately, implies that the entire set could 
be made up of infi nite ages, and (b) introducing the possibil-
ity that only ABOx managed to remove all contaminants, 
both modern and ancient (and, even so, not always), implies 
that only two of Rebollo et al.'s ( 2011 ) results are consistent 
with site stratigraphy and regional chronostratigraphy (and, 
for one, only if the sample is interpreted as displaced). 
3.5.1.3  An Alternative Interpretation 
of the Kebara Dates 
 The only other conceivable approach is to follow the argu-
ment that the ABOx results are somehow unreliable, per-
haps for reasons related to the experimental phase during 
which they were produced, and remove contamination from 
the discussion by accepting that ABA worked well with the 
Kebara samples—as suggested by the fact that all of Rebollo 
et al.'s ( 2011 ) such samples have %C on combustion values 
between 46.7 and 69.8 (Table  3.2 ). In doing so, however, we 
also need to consider the ABA results of Bar-Yosef et al., 
and there is then no escaping the conclusion that two popu-
lations of radiocarbon dates exist in the Upper Paleolithic 
levels of Kebara (Fig.  3.12 ): one at ~35.8 ka  14 C BP 
(~41.0 ka cal BP), and another at ~ 42.0 ka  14 C BP (~45.4 cal 
BP). Which of these two sets relates to the Early Ahmarian 



















age of the old component
measured 14C age: 42000 BP
true 14C age: 35800 BP
 Fig. 3.11  The impact of ancient contamination in the dating of the 
Kebara charcoal samples. A sample with a radiocarbon age of 
35,800 years will return a 42,000 result if 62.7 % of the carbon in 
it derives from a source with a radiocarbon age of 51,500. Higher 
percentages will be required for <50,000 year-old contaminants, 
while a 42,000 result for a 35,800 sample requires at least 53.8 % 





only be decided on the basis of external consistency with 
regional patterns; and the set satisfying this criterion is the 
younger, not the older one.
 Therefore, the corollary of validating all the ABA results 
for units III and IV is that, under Goldberg et al.'s ( 2007 ) 
rendition of the site's stratigraphy, the set of older dates must 
be a refl ection of the presence in those units of inherited or 
intrusive Middle Paleolithic charcoal. Additionally, it 
remains conceivable that unit IV is a palimpsest where a 
hitherto unrecognized IUP/Emiran component is present 
alongside the Early Ahmarian, a possibility raised by Bar- 
Yosef et al.'s ( 1996 , p. 304) remark that “the presence of a 
few Emireh points in Kebara (…) may indicate that this tool 
type, despite being considered the marker of the Transitional 
Industry (…), occurred in late Mousterian assemblages, 
derived from a disturbed Emiran layer to be found elsewhere 
in the chamber of Kebara, or that it lasted longer than the 
earliest Upper Paleolithic phase.” 
3.5.2  Protoaurignacian 
 Validating all of the ABA dates for Kebara and interpreting 
them in the framework of regional chronostratigraphy 
implies an age for the site's Early Ahmarian falling in the 
same time interval as that of the Protoaurignacian, thereby 
removing any rationale for making the emergence of the 
 latter signifi cantly earlier in the eastern part of its range. 
Where the western part is concerned, however, Hublin et al. 
( 2012a ) argue that the age recently obtained for the 
Protoaurignacian of Isturitz supports their claim that the 
Châtelperronian of the Grotte du Renne, 
St.-Césaire and Les Cottés overlaps in time with the earliest 
evidence for modern humans in central and southern France. 
 This claim is unsupported, as shown by Banks et al.'s 
( 2013 ) Bayesian modeling of the chronology of the 
Protoaurignacian. The oldest of the lower limits of these 
authors' 95.4 % confi dence intervals for Isturitz's modeled cal 
BP results is 41,840, and the corresponding youngest upper 
limit is 40,078; both are fully consistent with the 39.9–
41.5 ka cal BP range modeled for the entire technocomplex. 
The same applies to Les Cottés, dates for which have since 
been published (Talamo et al.  2012 ). At this site, not only does 
the Protoaurignacian overlie the Châtelperronian, it is also 
separated from it by a 12 cm-thick sterile layer. This strati-
graphic pattern should suffi ce to refute the notion that the two 
technocomplexes overlapped in time in this region of central 
France, but the dating results leave no doubt that no such over-
lap exists. In radiocarbon years BP, the six results obtained for 
the Protoaurignacian place it after 35,250 ± 280, while the six 
obtained for the Châtelperronian place it between 37,400 ± 500 
and 42,410 ± 400. In calendar years, these Les Cottés results 
place the site's Protoaurignacian in the younger part of Banks 
et al.'s ( 2013 ) 39.9–41.5 ka cal BP interval for this culture as a 
whole, and the site's Châtelperronian in full contemporaneity 
with the ~41–45 ka cal BP interval obtained for the Grotte du 
Renne by Hublin et al. ( 2012a ). 
 Additional Protoaurignacian results have now also been 
published for two Mediterranean sites, the Abric Romaní in 
Catalonia (Camps and Higham  2012 ; Vaquero and Carbonell 
 2012 ) and the Riparo Mocchi, in northern Italy (Douka et al. 
 2012 ). In both cases, the results fall well within the expected 
 Fig. 3.12  Calibrated ages, calculated with OxCal 4.1 (Bronk Ramsey 
 2009 ) and IntCal09 (Reimer et al.  2009 ), of the fi nite ABA charcoal 
dates reported by Bar-Yosef et al. ( 1996 ) and Rebollo et al. ( 2011 ) for 
units III, IV and V of Kebara. At least two populations of dates are 
apparent. Based on regional chronostratigraphy, the Early Ahmarian in 
Units III-IV must be of the age indicated by the younger set of results; 
the older must refl ect either the impact of contamination by ancient car-
bon or, most likely, the presence of an inherited charcoal component 
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39.9–41.5 ka cal BP interval and, where the Catalonian site 
is concerned, confi rm Zilhão and d'Errico's ( 1999 ) interpre-
tation of the previously available dates for level A, namely 
concerning the presence of a later, Gravettian component 
alongside that related to the Protoaurignacian. 
3.5.3  Early Aurignacian 
3.5.3.1  Geissenklösterle 
 Based on a large series of AMS radiocarbon dates for the 
stratigraphic sequence of the Geissenklösterle cave site, 
Conard and Bolus ( 2003 ) placed at ~40,000 radiocarbon 
years ago, signifi cantly earlier than everywhere else in 
Europe, the beginnings of the Aurignacian in the Swabian 
Jura region of southwest Germany. Zilhão and d'Errico 
( 2003 ) questioned this conclusion, arguing that:
 (a)  The site's Aurignacian sequence was a palimpsest of a 
number of occupations by both humans and cave bears, 
the latter being the most abundant taxon in the fauna 
from the corresponding levels (30.7 % by weight) 
(Münzel and Conard  2004 , Table 1). 
 (b)  Hahn's ( 1988 ) grouping of the Aurignacian deposits into 
only two “Archeological Horizons” (AH) was a useful data 
presentation tool but should not be misconstrued as real, 
observed stratigraphic units or as representing human 
occupation in only two moments of time. 
 (c)  Given the slow sedimentation rate (~7.5 cm/millennium 
but, considering the volumetric weight of the artifactual 
and faunal components, much less in fact), coupled with 
cave bear activity and deformation of the deposits by 
periglacial phenomena (e.g., cryoturbation), signifi cant 
post-depositional disturbance was probable and indeed 
confi rmed by stone tool refi tting. 
 (d)  The numerous stratigraphic anomalies and the scatter 
apparent in the large set of radiocarbon dates then avail-
able primarily refl ected this formation process. 
 (e)  Such anomalies implied that not all dates obtained for a 
given level could be taken as accurately refl ecting the 
age of the artifact assemblages therein, which them-
selves did not necessarily correspond to chronologically 
homogeneous assemblages. 
  (f)  When only the dates on anthropically modifi ed bones 
were considered, it was clear that the earliest Aurignacian 
occupation of this site did not predate ~36.5 ka  14 C BP and 
probably had taken place between 35 and 33 ka  14 C BP. 
 Based on a new set of 24 results obtained on ultrafi ltered 
bone samples (Table  3.3 ), which show that many of the 
anomalies in the previously available corpus of dates derive 
from incomplete decontamination, Higham et al. ( 2012 ) con-
cluded, however, that Conard and Bolus' ( 2003 ) original con-
tention was supported: in the Swabian Jura, the Early 
Aurignacian would indeed have appeared very early, around 
42,500 cal BP in fact. If correct, the implications of this con-
clusion are threefold:
 (a)  The Early Aurignacian or Aurignacian I and the 
Protoaurignacian would not be chronological phases of 
the Aurignacian technocomplex, with the former evolv-
ing out of the latter, but different cultures altogether. 
 (b)  As the beginnings of the Early Aurignacian in different 
regions would seemingly extend over a considerable 
timespan, the lags would have to represent the difference 
between its time of emergence at a point of origin in 
Central Europe and the time of subsequent dispersals to 
other parts of the continent. 
 (c)  The notion that the Protoaurignacian is a continent-wide 
stratigraphic marker and the earliest archeological cul-
ture of Europe with which modern humans can be asso-
ciated would become untenable; not only would modern 
humans have spread into Europe much earlier than hith-
erto thought but they would also have done so via a num-
ber of different routes and under a diverse range of 
cultural guises. 
 Assessing the validity of these implications requires 
assessing the validity of the Bayesian model of the radiocar-
bon results upon which hangs the chronology proposed 
by Higham et al. for the Early Aurignacian of the 
Geissenklösterle. That model is based upon acceptance of 
Hahn's archeological horizons as a valid analytical frame-
work for the discussion of the site's dating. As pointed out by 
Zilhão and d'Errico ( 2003 , p. 75), this is erroneous and a 
fundamental fl aw of Higham et al.'s study. 
 Are the “Archeological Horizons” Valid Bayesian 
Phases? 
 When items have the analytical signifi cance of singular 
manifestations of a certain category of fi nds whose occur-
rence is common (e.g., when assessing the stratigraphic 
distribution of thick scrapers/cores), the archeological hori-
zons framework applies regardless of moderate post-depo-
sitional disturbance and/or potential mixing. Hahn ( 1988 ) 
had estimated that about 7 % of the items in each horizon 
were displaced. In such a context, recovering fi ve thick 
scrapers/cores in AH-II means that this artifact type was 
being discarded at the site during the time interval repre-
sented in that horizon, even though a certain probability 
exists that any of them, individually considered, could be 
an item displaced from AH-III, where 44 were recovered 
(data from Teyssandier  2003 ). 
 However, when items have meaning in and of themselves, 
as in the case of single bone fragments sampled for AMS 
radiocarbon dating, site formation processes such as those in 
operation at the Geissenklösterle imply that the archeological 
horizons framework is inappropriate. This is because dates on 
such samples represent the time of death of a single animal 
whose association with the artifacts found alongside has to be 
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treated, if post-depositional disturbance is signifi cant, as an 
open issue. In that case, the correct approach is to assess the 
samples independently of their context and as representing a 
separate category of stratigraphic information, one where 
time ordering comes from their intrinsic properties (their 
radiocarbon ages), not from their extrinsic ones (their strata 
of provenience or their putative archeological associations). 
 Higham et al. disagree with Zilhão and d'Errico's ( 2003 ) 
position on the grounds that subsequent excavation and stone 
tool refi tting work suggested that Hahn's ( 1988 ) estimates of 
stratigraphic disturbance were exaggerated. They argue that 
this new work, coupled with micromorphological analysis 
(Conard et al.  2006 ), showed that the apparent disturbance 
pattern diagnosed by Hahn is caused by the fuzziness of level 
boundaries, and consequent “excavation error,” rather than 
by the vertical displacement of objects. 
 To suggest that post-depositional disturbance is not a sig-
nifi cant issue in the case of a ~50 cm-thick sequence accu-
mulated in a periglacial environment, over some ten 
millennia, and under the impact of continued human or cave 
bear activity, is unrealistic to begin with. In fact, it is also 
contradicted by refi tting, which documents numerous inter- 
level links, often scattered across the entire sequence—not 
just across the boundaries of adjacent levels, as the excavation 
error model implies. Hahn's ( 1988 ) data already showed that 
more refi ts existed between the levels grouped to form his 
upper Aurignacian horizon AH-II (II-n, II-a and II-b) and 
those forming his lower Aurignacian horizon AH-III (II-d, 
III, III-a and III-b) than within AH-II itself. Teyssandier's 
( 2003 ) re-analysis of the primary data, while illustrating a 
number of cases where post-depositional displacement is 
limited, also provided several instances of the opposite case, 
namely the detailed, telltale example of the A1 refi tting unit 
(a block of high-quality, easily recognizable red radiolarite), 
whose 44 elements are spread over 14 m 2 and all the way 
from II-a at the top of the sequence to III-a at its base 
(Table  3.4 ). The only conclusion that can be drawn from this 
refi tting work is, therefore, that the interface between levels 
II-b and II-d cannot be used as a discrete boundary separat-
ing an “upper” from a “lower” Aurignacian. In order to 
understand what has gone on at the site, the distributions of 
signifi cant items have to be seen relative to each other and 
across the entire sequence taken as a single, continuous ana-
lytical framework (Fig.  3.13 ).
 More importantly, Higham et al.'s excavation error argu-
ment is an obvious non-sequitur. Regardless of whether 
 Table 3.3  AMS radiocarbon dates on ultrafi ltered bone samples from the Geissenklösterle published by Higham et al. ( 2012 ) 
 Sample name  Level  AH  OxA  Date BP  Species and material dated 
 GK 99 Ir 185  I-r  I  21,740  26,420 ± 230  Ursus spelaeus parietal cranium with cutmarks? 
 GK 130 It 328  I-t  I  21,660  27,960 ± 290  Mammuthus primigenius rib, impact marks 
 GK 26 Ia 18  I-a  I  21,739  28,600 ± 290  Mammuthus primigenius rib (?) cutmarked 
 GK 86 Ic 122  I-c  I  21,661  32,900 ± 450  Rangifer tarandus, metacarpal, impact mark 
 GK 33 IIa 80  II-a  II  21,737  35,700 ± 650  cf.  Rangifer tarandus 
 GK IIa 131  II-a  II  21,656  33,000 ± 500  Equus ferus , scapula 
 GK 58 IIb 246  II-b  II  21,724  33,950 ± 550  Mammuthus primigenius rib fragment with impact point 
 GK 57 IIb 706  II-b  II  21,727  34,100 ± 550  Ursus spelaeus , rib fragment, with a cutmark 
 GK 67 IIb 931  II-b  II  21,742  34,800 ± 600  Equus ferus , humerus 
 GK IIb 143  II-b  II  21,738  34,900 ± 600  Equus ferus, humerus (retoucher marks inferred) 
 GK 55 IId 319  II-d  III  21,726  34,200 ± 550  Equus ferus , humerus (retoucher) 
 GK 77 III 627  III  III  21,659  35,050 ± 600  Rangifer tarandus , tibia, impact mark 
 GK 77 III 641  III  III  21,744  36,850 ± 750  Coelodonta antiquitatus humerus no cutmarks 
 GK 86 III 294  III  III  21,725  37,400 ± 800  Large unidentifi ed mammal rib fragment (cf  Coelodonta 
antiquitatus/Mammuthus primigenius) 
 GK 66 III 1144  III  III  21,722  38,900 ± 1,000  Equus ferus , distal femur 
 GK 66 IIIa 1073  III-a  III  21,745  36,650 ± 750  Rangifer tarandus, tibia, impact marks 
 GK 67 IIIa 1453  III-a  III  21,746  36,850 ± 800  Rangifer tarandus, tibia with cutmarks 
 GK 67 IIIb 1655  III-b  III  21,743  36,100 ± 700  Rangifer tarandus , tibia with impact and cutmarks 
 GK 69 IIIb 958  III-b  III  21,723  37,800 ± 900  Artiodactyl limb bone fragment 
 GK 57 IIIb 1238  III-b  III  21,721  37,300 ± 800  cf.  Coelodonta antiquitatus/Mammuthus primigenius bone 
fragment with scrape marks, i.e., humanly modifi ed bone. 
 GK 57 IIIc 2389  III-c  III  21,658  38,300 ± 900  Capra ibex , left tibia, no human modifi cation 
 GK 57 IIIc 2430  III-c  III  21,657  39,400 ± 1,100  Cervus elaphus , tibia, no human modifi cation 
 GK 78 IV 1495  IV  IV  21,720  35,500 ± 650  cf.  Ursus spelaeus juvenile shaft fragment. Possible impact. 
 GK 48 VII 456  VII  VII  21,741  48,600 ± 3,200  Capra ibex , phalanx I, which articulates with metataurus. No clear 
cutmarks although two are inferred. 
 AH denotes “Archeological Horizon” 
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assignment of a given item to a level other than that where it 
originally lay results from natural (disturbance) or human 
(error) agency, the implication is the same—if the agent is 
observed to have had a signifi cant impact, reasoning by asso-
ciation is of limited value and, in the best of cases, needs to 
be qualifi ed. Additionally, while correctly pointing out that 
excavation error implies that the fi nds assigned to each of 
Hahn's fi ne stratigraphic subdivisions cannot be taken as 
closed assemblages, Higham et al. fail to consider that 
boundary fuzziness must also imply that Hahn's two archeo-
logical horizons, or even the Aurignacian package as a 
whole, cannot be taken as closed assemblages either: whether 
by disturbance or error, stratigraphic misplacement of fi nds 
is a problem that must then concern not only the  subdivisions 
within the Aurignacian but also the  divisions between the 
Aurignacian and adjacent units, on one hand, and Hahn’s 
Aurignacian horizons I and II, on the other. 
 In such a context, for instance, there is no reason to assume 
that an item recovered in III-b, at the base of AH-III, is more 
likely to be contemporaneous with an item from II-d, at the 
top of AH-III but separated from III-b by the ~15 cm of 
deposits forming levels III and III-a, than with an item from 
immediately underlying level III-c. In short, for dating, exca-
vation error has the same implication as post- depositional 
 Table 3.4  Horizontal and vertical distribution of the individual items in Geissenklösterle refitting unit A1 
(Teyssandier  2003 : Table 11) 
 Square 
 Archeological level 
 Total  IIIa  III  IId  IIb  IIa  II?  ind. 
 15  –  1  –  –  –  –  –  1 
 25  –  –  –  1  –  –  –  1 
 26  –  –  –  1  1  –  –  2 
 37  –  2  –  1  –  4  –  7 
 38  –  4  2  2  –  –  –  8 
 45  –  –  –  1  1  –  –  2 
 47  –  1  1  1  –  –  –  3 
 48  –  3  2  1  –  –  –  6 
 49  –  1  –  –  –  1  –  2 
 56  2  –  2  1  –  –  –  5 
 57  1  –  –  –  –  –  –  1 
 58  –  –  1  –  –  –  –  1 
 59  –  1  –  –  –  –  –  1 
 66  1  1  –  –  –  –  –  2 
 ind.  –  –  1  –  –  1  2 
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 Fig. 3.13  Geissenklösterle. Vertical distribution of fi nds diagnostic of 
the Aurignacian I, of mobiliary art items, and of musical instruments 
across the levels assigned to the Aurignacian by Hahn ( 1988 ; data from 
Teyssandier  2003 and Teyssandier and Liolios  2003 ). Note that Higham 
et al. ( 2012 ) claim a very early age for the site’s Aurignacian I based on 
samples from Archeological Horizon III but that split-based bone 
points, the index fossil of the Aurignacian I, were only present in levels 
(II-a and II-b) assigned to the site’s Archeological Horizon II above  
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disturbance: it precludes the discretization of the deposits into 
phases, making Higham et al.'s Bayesian model logically 
invalid, and implies that the distribution of the dated samples 
must be treated as a stratigraphic continuum, in much the 
same way as that of the bone and stone tool index fossils. 
 Vertical Distribution of Index Fossils and Dating 
Samples 
 The material cultural categories found at the site that are rep-
resentative of the Aurignacian I as known from a large num-
ber of well-stratifi ed localities from southwestern France 
(namely, the rock-shelters of Pataud and Castanet; Higham 
et al.  2011d ; White et al.  2012 ) are: split-based bone/antler 
points; ivory beads, bands and bracelets; and thick scrapers/
cores. The distributions of such items by level (Fig.  3.13 ) 
show that they were recovered between II-b and III-a, with a 
trickle of fi nds spilling over to II-a above and III-b below; ele-
ments of clustering also exist, ones whose explanation likely 
relates to spatial patterning in both human activity and post-
depositional disturbance. These distributions also indicate 
that the four sculpted fi gurines and the fl ute from levels II-a 
and II-b belong to a post-Aurignacian I occupation of the site, 
as one might suspect on the basis of the radiocarbon dates 
associated with similar material at the neighboring sites of 
Hohle Fels, Vogelherd and Hohlenstein-Stadel (Zilhão  2007 ). 
 It is only against this background that meaning can be 
assigned to Higham et al.'s new radiocarbon dates, as other-
wise indicated by the observation that the results included in 
each of the Aurignacian phases (AH-III and AH-II) of their 
Bayesian model are statistically distinct ones (Table  3.5 ). 
Given the evidence for a number of different human and ani-
mal occupation episodes to be represented within each of 
those phases, this is hardly surprising; if the archeology indi-
cates that the assemblages are chronologically heteroge-
neous, it is to be expected that their sampling for dating will 
eventually return heterogeneous results. The really important 
point to bear in mind, however, is that seven out of the twelve 
results obtained for the levels that yielded the diagnostic 
fi nds (II-b to III-b) fall fully in, or signifi cantly overlap with, 
the time range of the Aurignacian I—the 39.8–37.9 ka cal 
BP interval, based on the European-wide database of radio-
carbon results analyzed by Banks et al. ( 2013 ) (Fig.  3.14 ).
 Of the 24 samples dated by Higham et al., only 15 are of 
anthropically modifi ed bone. Of these, four are qualifi ed as 
possible, inferred or questionable, and only eight are on taxa 
that we can safely assume to have been hunted (horse, 
reindeer and ibex). This point is important because the 
anthropically modifi ed samples of wooly rhino and mam-
moth may refl ect subfossil (i.e., radiometrically older) raw-
material collected as site furniture or for the manufacture of 
bone/ivory tools, an activity that, as Higham et al. empha-
size, was very important in AH-III. The same conceivably 
applies to the modifi ed cave bear samples, although these 
could also refl ect episodic interaction with the carnivores 
owning the site at times when humans were infrequent in the 
landscape; even in that case, however, they would by defi ni-
tion be indicative of intervals during which no artifacts 
related to human residence were discarded in the cave. 
 Bearing this in mind, let us take the bone samples that are 
secure indicators of contemporaneous human activity as 
proxies for the time of occupation, regardless of stratigraphic 
provenience and putative artifact associations but assuming 
the accuracy of the results obtained for them. When this is 
done (Fig.  3.15 ), we obtain a very clear pattern, one that, 
although somewhat blurred by the potential sources of noise, 
is already apparent in the overall plot: at the time of the 
Middle-to-Upper Paleolithic transition, human activity at the 
Geissenklösterle occurred in three distinct time intervals, 
fi rst ~41.5 ka, then ~40.0 ka, and fi nally ~37.5 ka cal BP (an 
earlier Mousterian occupation of level VII is documented 
by a possibly cut-marked ibex bone dated to beyond the 
reach of current calibration tools and, consequently, not rep-
resented in Fig.  3.14 ).
 Interestingly, this restricted set of results is in full strati-
graphic order: the three samples documenting the intermedi-
ate episode come from levels II-d, II-b and III, the sample 
documenting the younger episode comes from level I-c 
above, and the three samples documenting the older episode 
come from levels III-a and III-b below. This pattern shows 
that, despite the disturbance, the Geissenklösterle sequence 
preserves the original stratigraphic structure to a consider-
able extent. Within limits, it can thus be used to assess issues 
of dating and diachronic change, but only in terms of the 
relative stratigraphy of individual fi nd categories or type 
fossils (e.g., their order of appearance, or their frequency 
change through time). Assigning an absolute age to the 
points in the sequence where one can see phenomena of 
emergence or change, however, requires an external referent, 
which, in this case, can only be the European-wide chro-
nostratigraphy of the Aurignacian. 
 Table 3.5  Results of a sample signifi cance test (Ward and Wilson  1978 , Case 1) carried out with Calib 6.1 (Stuiver and Reimer  1993 ) on the 
samples grouped under the AH-II and AH-III phases of Higham et al.'s ( 2012 ) Bayesian model 
 Phase  Test statistic  t  χ 2 (0.05)  Degrees of freedom 
 Signifi cantly distinct at the 95.4 % 
level 
 AH-II  13.60796  11.1  5  Yes 
 AH-III  45.16257  19.7  11  Yes 
3 Neandertal-Modern Human Contact in Western Eurasia: Issues of Dating, Taxonomy, and Cultural Associations
46
 An Alternative Interpretation of the Geissenklösterle 
Stratigraphy 
 In this framework, there can be little question that the inter-
mediate and younger of the three episodes indicated by the 
set of anthropically modifi ed horse and reindeer bone sam-
ples are local manifestations of the Aurignacian I and 
Aurignacian II, respectively. Where the younger episode is 
concerned, this conclusion is further strengthened by the 
recent identifi cation of diagnostic Roc-de-Combe bladelets 
among the small fi nds from sieving (Moreau  2009 ,  2012 ). 
The remaining issue is how to interpret the older episode. 
 On the basis of the presence of a signifi cant number of 
thick scrapers/cores in one of the levels (III-a) where the cor-
responding samples come from, we could conclude, along-
side Higham et al., that the older, ~41.5 ka cal BP episode is 
also related to the Aurignacian I. If so, one would have to 
concur with them that the Aurignacian I emerged in the 
Swabian Jura earlier than elsewhere in Europe (even if only 
by one and a half instead of two and a half millennia), and, 
hence, that it should be assigned the status of a distinct culture 
instead of a chronological phase. However, such a culturally 
separate manifestation of modern human immigration would 
still be no earlier than that represented by the Protoaurignacian. 
Therefore, even such an interpretative scenario would repre-
sent no challenge to the time horizon (~36.5 ka  14 C BP, 
~41.5 ka cal BP) postulated by Zilhão and d’Errico ( 1999 ) 
for the dispersal of modern humans into Europe. 
 However, another explanation can be proposed that is 
consistent with both the evidence from the site and continent- 
wide chronostratigraphic patterns and, therefore, ought to be 
considered the parsimonious alternative. Considering exca-
vation error and post-depositional displacement, it is quite 
reindeer horse other taxa (ibex, reddeer, unidentified)




























 Fig. 3.14  Calibrated ages, calculated with OxCal 4.1 (Bronk Ramsey 
 2009 ) and IntCal09 (Reimer et al.  2009 ), for the ultrafi ltered bone dates 
reported by Higham et al.  2012 for the Geissenklösterle. The result for 
an ibex bone with inferred cutmarks from level VII falls outside the 




possible that, of the three anthropically modifi ed reindeer 
samples that were dated to ~41.5 ka cal BP, the two labeled 
III-a were originally laid down with the material recovered in 
III-b, from where comes the other sample. That this is 
entirely conceivable is supported by two lines of evidence: 
fi rstly, statistically identical results were obtained for another 
two samples from III-b (Fig.  3.14 ); secondly, III-a is a very 
thin, ~5 cm-thick lens of material, where, given the general 
issue of boundary fuzziness, incorrect assignment and verti-
cal displacement (even of very limited scope) would be even 
more of a problem than at other points in the sequence. 
 If the ~41.5 ka cal BP human occupation of the 
Geissenklösterle does not relate to the Aurignacian I, where 
do its cultural affi nities lie? Based on the then available 
results, Zilhão and d’Errico ( 2003 ) had proposed the same 
three- phase model revealed by proper interpretation of the 
new ones, and suggested two possibilities for the earlier 
phase. The fi rst was that of a short-lived, logistical expedi-
tion by Protoaurignacian people leaving behind no diagnos-
tic tools (or ones that remain to be identifi ed among the 
excavation's unsorted water-sieved sediments; cf. Moreau 
 2009 ,  2010 ,  2012 )—a possibility suggested by the contem-
poraneous presence of such people further downstream, in 
the middle and lower Danube basin (e.g., at Krems-
Hundsteig, in Austria, or Tincova, in Romania). The second 
possibility was that of an expedition of a similar kind but 
related to the Altmühlian and refl ecting the activity of the 
latest Neandertal inhabitants of the region. The alternative 
remained undecided for Zilhão and d’Errico ( 2003 ), and 
recent work has not changed our understanding of level III-b, 
which only yielded four retouched tools: a carinated scraper/
core related to the overlying Aurignacian I, and three that are 
undiagnostic (two blades with use wear and a truncated 
























































































 Fig. 3.15  Geissenklösterle. An alternative reading of the 
stratigraphy: instead of Higham et al.'s two well delimited phases, 
based on Hahn's ( 1988 ) less rigid concept of two horizons, at least 
three periods of occupation with fuzzy boundaries are proposed; 
level II-b is considered to belong in the Aurignacian I and, following 
Moreau ( 2009 ,  2010 ), level I-c subsumes level II-n and is considered 
to be part of the Aurignacian sequence. A three-period pattern is also 
apparent when considering only the samples from game taxa (horse 
and reindeer) with possible or secure anthropic modifi cation. The 
relative thickness of the stratigraphic subdivisions in the model is 
derived from the published profi les. The dating evidence, given in cal 
BP years, consists of the results obtained on samples of anthropically 
modifi ed game taxa, extracted from Fig.  3.14 (with the same sample 
color codes, and with the same time band to indicate the 
chronostratigraphic slot of the Aurignacian I) 
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approach continues to be that of treating the cultural affi nities 
of the ~41.5 ka cal BP human occupation of the 
Geissenklösterle as an open issue. 
 A corollary of the evidence reviewed above is that Hahn's 
( 1988 ) organization of the Aurignacian stratigraphy of the 
Geissenklösterle into two archeological horizons has out-
lived its usefulness. For the future, grouping the different 
layers recognized during excavation along the lines of 
the three phase model suggested here (cf. Fig.  3.15 ) seems to 
be a more promising way of making progress in sorting out 
the different issues of association raised by the site's late Middle 
and early Upper Paleolithic levels. Provided, of course, that 
the continuous rather than discrete nature of the distributions 
and the relative rather than absolute nature of the boundaries 
between level groupings are duly considered in the process. 
 Further support to this contention comes from the fact 
that level I-c should be assigned to the Aurignacian instead 
of the Gravettian, given Moreau's ( 2009 , pp. 195–210;  2010 ) 
convincing arguments to that effect: sedimentological conti-
nuity with the very poor Aurignacian level II-n below (cf. 
Fig.  3.13 ); raw-material economy, namely the preference for 
 Bohnerzhornstein over radiolarite among retouched tools, as 
in the site's AH-II Aurignacian horizon and the reverse of the 
Gravettian pattern; typology, namely the dominance of 
scrapers over burins and the presence of typical nosed scrap-
ers; technology, namely the fact that bladelet tool blanks 
were extracted from “burin”-type cores; and refi tting, namely 
of a burin from I-c with two burin spalls from II-b. Except for 
a microgravette fragment made of radiolarite and deemed to 
be intrusive from the overlying Gravettian, the kinds of 
backed microliths present in I-c also exist in the AH-II 
Aurignacian horizon, where they are found in association 
with characteristic Dufour bladelets made of the same 
 Bohnerzhornstein . Such a co-occurrence of bladelets trimmed 
in both Dufour and backing fashion is documented in 
Evolved and especially Later Aurignacian (Aurignacian 
III-IV) contexts from elsewhere in Europe (e.g., at the 
Portuguese site of Pego do Diabo; Zilhão et al.  2010b ; see 
also Pesesse  2008 ,  2010 ). This evidence indicates that the 
affi nities of level I-c lie indeed with the Aurignacian, in 
agreement with the 32,900 ± 450  14 C BP result obtained for 
this level by Higham et al., which falls fully within the time 
range of the Aurignacian II. 
3.5.3.2  Willendorf II 
 The other Central European site where a precocious occur-
rence of the Aurignacian I has been claimed is Willendorf II, 
in Austria. As most recently argued by Nigst and Haesaerts 
( 2012 ), assignment of layer 3 of this locality to the Early 
Aurignacian would be supported by technological analysis 
of a hitherto undescribed set of hundreds of lithic artifacts 
from the early twentieth-century excavations. At the same 
time, two AMS dates in the ~38–39 ka  14 C BP range would 
indicate that the previously available conventional date in the 
~34 ka  14 C BP range is an underestimate of the level's true 
age. Finally, refi tting work would support the integrity of the 
level, i.e., a stratigraphical and functional relationship 
between the lithics and the dated charcoal, closing the case 
for the Aurignacian I to be fi ve millennia older in Lower 
Austria than anywhere else in Europe. 
 That diagnostic material of clear Aurignacian affi nities—
namely, carinated and nosed scrapers/cores—is present in 
layer 3 of Willendorf II has also been suggested by others 
(e.g., Hahn  1977 ; Teyssandier  2003 ) and will not be disputed 
here. There is also no reason to question the accuracy of the 
new AMS radiocarbon dating results. The leap of faith made 
by Nigst and Haesaerts ( 2012 ) is to infer from this evidence 
that layer 3 is chronologically homogeneous and that  all of 
the lithics recovered therein relate to the Aurignacian I and to 
the charcoal pieces dated to ~38–39 ka  14 C BP. However, that 
is not necessarily the case. 
 The small assemblage of formal retouched tools (35 in 
total) in layer 3 includes not only fi ve carinated and four 
nosed scrapers/cores but also two sidescrapers and 12 “later-
ally retouched blanks” among which, from the illustrations 
supplied, a number could also correspond to sidescraper 
fragments. If at all present, sidescrapers, however, are a rare 
occurrence in Aurignacian I assemblages. For instance, none 
exist in either the AH-II or AH-III horizons of the 
Geissenklösterle, and very few in the reference sequence of 
the Abri Pataud, France (layers 9–14; Table  3.6 ), where they 
are absent from most levels and represent, in total, 0.47 % of 
the formal tools, contra a minimum of 5.71 % in layer 3 of 
Willendorf II. With present evidence, it is therefore conceiv-
able that at least two different components are present in this 
layer, one of which is of Mousterian or Upper Paleolithic but 
pre-Aurignacian (e.g., Szeletian, Altmühlian or Bohunician) 
affi nities, and that the radiocarbon dates are all accurate and 
refl ect this cultural heterogeneity.
 This possibility is contradicted neither by the fact that 
refi ts could be carried out in the collection from the old exca-
vations, nor by eventual refi ts to be obtained in the future 
between material in that collection and material from the new 
excavations being carried out at the site since 2006 (Nigst 
et al.  2008 ). In a classic paper whose key points are all too 
often overlooked, Bordes ( 1980 ) discussed the applicability, 
and limits, of refi tting for the assessment of issues of contem-
poraneity within potentially heterogeneous assemblages. To 
illustrate the point, Bordes provided an example from near 
the Billabong station in Western Australia: “Tools undoubt-
edly belonging to the base of layer 2 of the local sequence, 
uncovered by defl ation and dating from the beginning of our 
era, and fragments of motorbikes, cars, etc., are scattered on 
the same surface. No doubt that, with patience, it would be 
possible to refi t aboriginal fl akes between them, and car frag-
ments between them. Yet, 2,000 years separate the two 
J. Zilhão
49
series.” A similar time span could well be represented in 
layer 3 of Willendorf II, with the sidescrapers representing 
displaced material from an earlier period and the blade pro-
duction refi ts and carinated cores representing a later one. 
 Even if the stone tool assemblage is eventually shown to 
be homogeneous and Aurignacian, the case for the occur-
rence to be a precocious one would still require demonstra-
tion of two additional points: fi rstly, that the age of all of the 
associated charcoal is indeed ~38–39 ka  14 C BP; secondly, 
that such charcoal is functionally related to the stone tools 
instead of representing an inherited component of the 
deposit. Where this latter point is concerned, I have laid out 
in a preceding section the case for the presence of a signifi -
cant inherited component to be the most likely explanation 
for the very old dates obtained for samples from the Early 
Ahmarian levels of Kebara. I had previously made a similar 
case for the Austrian site: “At Willendorf II, Austria, the 
evidence comes from level 3, which yielded a small assem-
blage of artifacts in secondary position sitting on an eroded 
surface that yielded solifl ucted charcoal dated to ca. 43 kyr 
cal BP. However, as recently acknowledged by the site's 
researchers, ‘dating small charcoal fragments dispersed in 
solifl ucted layers must be avoided’ because of the ‘lateral 
supply of older charcoal fragments.’ Such a supply clearly 
explains the anomalous results, which simply provide a  ter-
minus post quem for the lithics, the affi nities of which lie 
with the Aurignacian I” (Zilhão  2006a , p. 187). Nigst and 
Haeserts ( 2012 , p. 598) have misunderstood this argument as 
one for the layer 3 charcoal to represent material displaced 
from underlying units. The potential problem, however, is 
one of lateral (not vertical) supply of older material, i.e., a 
mechanism of progradation whereby, downslope, a level 
formed subsequent to the occurrence of an erosional trunca-
tion will inevitably be a palimpsest mixing new sediment 
inputs (e.g., windblown loess) with components derived by 
gravity or solifl uction from pre-existing, upslope deposits. 
 From the published descriptions and illustrations of the 
geometry of layer 3 of Willendorf II (e.g., Nigst et al.  2008 , 
Fig. 5), there can be little doubt that the archeology therein is 
not in primary position (as otherwise indicated by the 
absence of features such as hearths), and that the impact of 
progradation processes on the association between lithics 
and charcoal must be duly considered in its interpretation. In 
such circumstances, the apparent, anomalously early age of 
the lithics of Early Aurignacian affi nities from layer 3 of 
Willendorf II must be treated as just that: an anomaly for 
which no defi nitive explanation exists at present but upon 
which it would be foolhardy to hang any model of population 
dispersal or replacement at the time of the Middle-to-Upper 
Paleolithic transition in Central Europe. 
3.6  Discussion 
 The preceding discussion of the key sites and fi nds can be 
briefl y summarized as follows:
 (a)  The deposit containing the St.-Césaire partial skeleton 
also yielded Middle Paleolithic artifacts and its genesis 
was complex, but direct dating rejects assignment of the 
skeleton to the Mousterian and stratigraphic context pre-
cludes assigning it to the Protoaurignacian. Association 
of the fossil with the diagnostic Châtelperronian lithics 
found alongside remains the parsimonious reading of the 
evidence. At the Grotte du Renne, a Neandertal author-
ship of the Châtelperronian (including, in this case, 
abundant, evidently symbolic material culture) is also 
supported by the associated human fossils, while spatial 
distributions and radiocarbon dating corroborate the 
largely intact nature of the stratigraphic sequence. 
 (b)  Given sample size and the documented overlaps in dental 
anatomy between late Neandertals and early modern 
humans, the nature of the Kent's Cavern and Cavallo fossils 
is an open issue, as is their true age, so the Oase 1 mandible 
and Oase 2 cranium remain Europe's oldest modern 
humans. Oase 1 is directly dated to ~40 ka cal BP, with 
the associated uncertainty implying assignment to either 
the Protoaurignacian or the Aurignacian I. Speculations 
to the effect that the Uluzzian and the coeval, so-called 
transitional Upper Paleolithic cultures of Europe, includ-
ing the Châtelperronian, could have been the work of 
modern humans, are unsupported. 
 (c)  Boundary fuzziness, post-depositional displacement of 
fi nds and palimpsest formation preclude the discretiza-
tion of the Geissenklösterle sequence into Bayesian 
phases and command that only anthropically modifi ed 
samples of game taxa be used as proxies for human 
 Table 3.6  The relative frequency of sidescrapers in the Aurignacian I levels of the AbriPataud (data from Chiotti  1999 ) 
 Layer  Total tools  Sidescrapers  % 
 9 and 9/10  27  –  – 
 10  59  –  – 
 11  976  8  0.82 
 12  387  1  0.26 
 13  83  –  – 
 14  177  –  – 
 TOTAL  1,923  9  0.47 
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activity at the site. When this is done, there is no dis-
agreement between the age of the levels that yielded 
fi nds diagnostic of the Aurignacian I and the chronology 
of the latter everywhere else in Europe. A precocious 
presence of Aurignacian I modern humans in Central 
Europe is not supported by layer 3 of Willendorf II 
either, as this layer is in secondary position and poten-
tially heterogeneous in terms of both its stone tool and 
charcoal components. 
 (d)  The source of Europe's fi rst modern human immigrants 
is agreed to lie in western Asia and the Early Ahmarian. 
Claims for an emergence of the latter prior to 46,000 
calendar years ago are based on the dating of samples 
from Kebara that refl ect the presence of inherited Middle 
Paleolithic charcoal in the Early Ahmarian strata. 
A second population of age measurements from the 
same stratigraphic units dates the technocomplex to 
some fi ve millennia later on, at about the same time as 
the Protoaurignacian and in agreement with regional 
chronostratigraphic patterns. 
 (e)  As documented by the dates obtained for Les Cottés and 
Grotte du Renne, the Châtelperronian emerged in central 
and northern France at least four millennia before the 
Protoaurignacian is fi rst documented in regions to the 
south. Given the association with large numbers of orna-
ments, bone tools and pigments, and this from its very 
beginnings in level X of the Grotte du Renne, the emer-
gence of the Châtelperronian cannot possibly be the 
refl ection of an immediate cultural infl uence exerted by 
(non-existent) early modern human neighbors, and must 
result instead from the action of cultural processes indig-
enous to the Neandertal populations of western Europe. 
 The archeological and radiometric dating evidence accu-
mulated over the last 15 years therefore fails to reject the 
chronological model put forward by d’Errico et al. ( 1998 ) 
and Zilhão and d’Errico ( 1999 ). This new evidence remains 
entirely consistent with the notion that, in Europe, the onset 
of the processes of population interaction that led to the 
eventual assimilation of the Neandertals broadly coincides 
with the emergence of the Protoaurignacian ~36.5 ka  14 C BP 
(~41.5 ka cal BP). Consequently, no reason exists to question 
the corresponding implication that Neandertals were the 
makers of the material manifestations of symbolic or artistic 
behavior seen in the archeological record of the continent 
prior to that date. 
 A fi rst corollary of these chronological patterns is that 
symbolism and “anatomical modernity” cannot be construed 
as causally related (d’Errico  2003 ; Zilhão  2006a ,  2007 ; 
Conard  2008 ). This was to be expected, given the paleonto-
logical and genetics evidence for signifi cant admixture and, 
therefore, species sameness, between Neandertals and early 
moderns. It is also something that should have been realized 
ever since ornaments were uncovered in the Aterian culture 
of North Africa, which, in this time range (~100 ka BP), was 
inhabited by people who, while not Neandertal, were not 
fully anatomically modern either—as apparent, namely, in the 
cranial, mandibular and dental anatomy of the Dar-es- Soltan 
fossils (Klein  1992 ; Wolpoff  2002 ; Trinkaus  2005 ; 
Bouzouggar et al.  2007 ; Bouzouggar and Barton  2012 ; 
Hublin et al.  2012b ). 
 A second corollary is that, given the limited temporal 
resolution of stratigraphic sequences and the relatively poor 
precision of the radiometric techniques that can be applied to 
the dating of sites and fossils from this time range, the “Who 
Made What” question for the material culture of the couple 
of millennia bracketing the ~36.5  14 C/41.5 cal ka BP interval, 
even if relevant, may not be answerable. In fact, that 
Assimilation occurred implies processes of gene fl ow and 
population dispersal (of which the Assimilation process 
probably represents no more than a step-up in frequency and 
intensifi cation) that must have been in operation before, even 
if at a smaller scale. If so, then cultural exchange and diffu-
sion hitch-hiking such biological interaction and operating in 
both directions must also have been in place well before the 
crossing of the critical threshold, that is, well before the 
replacement of the Neandertal by the early modern human 
phenotype became visibly and unambiguously apparent in 
the human paleontological record of western Eurasia. 
 In the context of these chronological patterns, it is useful 
to elaborate on the potential implications of the cave art dat-
ing results recently obtained by Pike et al. ( 2012 ) with the 
U-series method. That Neandertals are likely to be the mak-
ers of the red disks from the Panel of Hands at El Castillo 
(Fig.  3.16 ) follows from the fact that one such disk is covered 
by calcite dated to 40.8–42.0 ka (95.4 % probability interval), 
while the corresponding calendar age interval for the Oase 1 
mandible is 38.8–42.0 ka, and Banks et al.'s ( 2013 ) modeled 
calendar range for the earliest conceivable archeological 
proxy for European early moderns, the Protoaurignacian, is 
39.9–41.5 ka. These ranges overlap in the 40.8–41.5 ka inter-
val but we must bear in mind that, at El Castillo, the date 
represents a minimum age for the underlying art, not its real, 
if imprecise age, as is the case with the dates for Oase 1 and 
the Protoaurignacian.
 This means that the dated El Castillo art could have been 
made in the 42nd calendar millennium BP and, therefore, 
conceivably, by Europe's earliest modern human populations, 
only if the length of time separating its execution from the 
growth of the overlying calcite was a short one. This is 
unlikely to be the case, however, because Pike et al. followed 
a sampling protocol whereby, in order to avoid contamination 
by detrital thorium from the cave wall or from pigments in the 
paintings, the fi rst calcite to grow over the art was not col-
lected. Subsequent work at the Panel of Hands, carried out in 
October 2012, showed that, in fact, suffi cient material 
remained between the red disk and the base of the previously 
measured calcite, and an additional sample was collected. So, 
the execution of that symbol and the published calcite date 
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are separated by an interval of time of unknown length during 
which the fi rst calcite formed; the art is therefore older than 
calcite that is itself more than ~41.4 thousands of years old. 
 The wider implication of these observations becomes 
apparent if we consider that >50 % of the minimum ages 
reported by Pike et al. for 11 Paleolithic cave art sites in north-
ern Spain are ≤10,000 years, while, on stylistical grounds 
(validated by previous radiocarbon dating and the U-series 
results), the age of the motifs under the dated calcite is in the 
range of 20,000 years or more. The probability is very high, 
therefore, that, at El Castillo, the red disk under the dated cal-
cite was executed in the 43rd millennium or before, i.e., at a 
time when Europe was still a fully Neandertal continent. 
Moreover, late Neandertal authorship of such geometric signs 
(and, perhaps, of the associated hand stencils) is consistent 
with what we know of their symbolic material culture, namely, 
at the Grotte du Renne, the decoration of bone awls: of the 52 
recovered in the site's Châtelperronian levels, more than a 
third are marked along the edges with non-utilitarian, regu-
larly arranged incisions (d’Errico  2003 ; Caron et al.  2011 ). 
 Beyond their signifi cance for controversies surrounding 
the cognition and behavior of the Neandertals and their taxo-
nomic status, Pike et al.'s U-series dates also suggest that the 
earliest forms of art may well have been non-fi gurative. 
Traditionally, the birth of art has been equated with the emer-
gence of the naturalistic animal representations that are so 
emblematic of the Paleolithic. This is understandable, given 
that, hitherto, the dating of parietal art has relied heavily on 
stylistical comparison with mobiliary art items recovered in 
stratifi ed archeological contexts. However, while the conven-
tions used to represent animals can and did change over time, 
the same does not necessarily apply to such universals as 
geometric shapes or the human hand. It has been largely 
assumed that motifs of these kinds are of the same age as the 
animals found on the same walls and that dating the animals 
also dates the signs and the other symbols, but Pike et al.'s 
results show the assumption to be unwarranted. 
 If, in Europe, the evidence for personal ornaments and 
heavy use of pigments correlates from the very (Neandertal) 
beginnings with the presence of rock art alongside, then 
we should expect the same to be true for Africa and Asia. 
Thus, the ultimate implication of the El Castillo results may 
well be that the graphic tradition revealed in the geometric 
decoration of the ostrich eggshell containers from the 60,000 
year-old Howiesons Poort levels of Diepkloof rock- shelter, 
in South Africa (Texier et al.  2010 ), is likely to stand for a 
behavior that encompassed all areas of life, including the 
rock art domain—much as in coeval Europe but, in the South 
African case, in a paleontological context that, if non- 
Neandertal, is not modern human either and is perhaps suc-
cinctly best referred to as near-modern (Trinkaus  2005 ). 
 Future research will show whether these speculations are 
supported. For the time being, they serve to illustrate the 
“Brave New World” that opens to Paleoanthropology if it 
dares to remove the Human Revolution eye-band that, as also 
argued by McBrearty and Brooks ( 2000 ) for the African 
record for so long blinded scholars to the evidence concern-
ing the behavioral “modernity” of anatomically “archaic” 
humans. Hopefully, what the last 15 years of developments 
in the study of the emergence of the Upper Paleolithic and 
modern humans will have taught us is that the transforma-
tions we see in the archeological and human paleontological 
 Fig. 3.16  El Castillo. The Panel of Hands, with indication of the location and age (95.4 % probability intervals) of the calcite samples dated by 
Pike et al. ( 2012 ) 
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records of that time have deep roots in the preceding Middle 
Paleolithic and its non-“modern” populations. 
 Rather than discussing the reality of the chronology of the 
Middle-to-Upper Paleolithic and Neandertal to modern human 
transitions in Europe apparent when respecting the “primacy of 
stratigraphy” principle (Zilhão et al.  2011 ), future research 
should concentrate, at an empirical level, on refi ning it to the 
extent possible with current techniques; as the preceding sec-
tions illustrate, developing a better understanding of the applica-
bility (and limits) of Bayesian methods to the interpretation of 
dating results in a stratigraphic context is also badly needed. At 
a theoretical level, the chronology of those transitions also car-
ries implications for the understanding of how, between 100,000 
and 40,000 years ago, convergent developments led toward 
symbolic material cultures in both Africa and Eurasia; in a 
scenario where the very phenomenon of anatomical Neandertal-
ness implies a signifi cant level of isolation between these conti-
nents (Wolpoff  2009 ), what kinds of processes explain what 
nonetheless happened? Where the changes in social structure 
refl ected in the emergence of symbolic material culture are con-
cerned, a complex interplay of numerous factors—natural 
selection, technological progress, demographic pressure, cli-
mate change, response to catastrophic events, etc.,—clearly 
must be involved. Explanations will therefore have to be based 
on historical models that try to capture this complexity instead of 
reducing it to some  deus ex machina , whatever its nature (genet-
ical, cognitive, adaptive, etc.). 
3.7  Conclusion 
 Elsewhere (Zilhão  2012 ), I have argued that a persistent, if 
subconscious infl uence in academia of Victorian-age ideas 
of evolution-as-progress and ancient-as-primitive must go a 
long way into explaining ongoing Neandertal debates. I cer-
tainly have no better explanation for the continued attempts 
at negating the clear and unambiguous, if limited (by com-
parison with later periods) evidence for Middle Paleolithic 
and pre-modern human symbolism accumulated over the last 
15 years. In other scientifi c domains, the distortions of 
method and logic involved in such attempts would hardly go 
unnoticed, but they remain all-pervasive in Neandertal and 
modern human origins controversies. 
 The unwarranted application of Bayesian statistics in the 
modeling of radiocarbon results for this period is a good 
example of this problem. As applied by, for instance, Higham 
et al. ( 2010 ,  2011c ,  d ,  2012 ), that is, coupled with outlier 
analysis, the approach needs to deal with the following logi-
cal issues: (a) if stratigraphic ordering is assumed, the outlier 
analysis will detect analytical error in the dating; (b) if dating 
accuracy is assumed, the outlier analysis will detect strati-
graphic disorder; (c) if neither stratigraphic ordering nor dat-
ing accuracy can be assumed, then the Bayesian approach 
cannot be applied. 
 Given this, where Bayesian modeling is potentially of 
most use is in dealing with issues of chronostratigraphy, as in 
Banks et al.'s ( 2013 ) study of the timing and causes of the 
change from Protoaurignacian to Aurignacian I in Western 
Europe. This is because, under the axiomatic principles of 
Paleolithic archeology, the repetitive pattern of stratigraphic 
succession whereby the Protoaurignacian always precedes 
the Aurignacian I carries two important implications: fi rstly, 
that any time lags that may have existed in the succession of 
one by the other across the continuous geographic space 
where both occur are undetectable and of negligible conse-
quence for the kinds of questions that archaeology can 
address; secondly, that any overlap in dating results can 
therefore be treated as refl ecting no more than the statistical 
uncertainty inherent to the dating technique. In this context, 
case (a) of the preceding paragraph can be safely assumed 
and any anomalies detected can be treated just as exactly 
that—anomalies (“outliers”). 
 When dealing with successions that are specifi c to a sin-
gle site, however, whether case (a), (b) or (c) applies depends 
on a different type of external referent, and that referent can 
only be that site's taphonomic study. If refi tting work or the 
vertical distributions of diagnostic fi nds yield results that are 
coherent with the stratigraphic outline underpinning the 
ascription of samples to Bayesian “phases,” then the approach 
is viable but the implication is that outliers primarily refl ect 
dating error, not stratigraphic disturbance. If the same types 
of evidence show that the stratigraphic sequence is unreli-
able, or that the boundaries between stratigraphic units are 
fuzzy, then the Bayesian approach is not viable; this is either 
because the samples' time ordering indicated by stratigraphic 
provenience is apparent, not real, or because the discretiza-
tion of the sequence into Bayesian “phases” is unwarranted 
and the sequence has to be treated as a single continuum 
where the interpretation of individual results is contingent 
upon contextual, not mathematical arguments. Regrettably, 
most recent implementations of Bayesian methods to sets of 
dates related to the Middle-to-Upper Paleolithic transition in 
Europe have ignored these logical issues. 
 The widespread application of double standards in the 
assessment of the evidence is another aspect of the same prob-
lem. Take the set of conditions put forward by Higham et al. 
( 2011b ) to change their minds on the issue of stratigraphic 
integrity vs. sample contamination raised by Zilhão et al. 
( 2011 ) in relation to the results obtained by the ORAU for the 
Grotte du Renne. Higham et al. contend that it falls upon their 
critics “to prove conclusively that the [excavator's] stratigraphic 
interpretation was without fault … [and] that  all of the material 
is in situ” [my emphasis]. This stand reverses the burden of 
proof: if inferences about the past cannot be made from a site 
where, despite minor problems, the vertical and horizontal dis-
tribution of the diagnostic fi nds has the extraordinary coher-
ence that Caron et al. ( 2011 ) documented and Higham et al. did 
not question, then archeology would be an impossible disci-
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pline. Moreover, accepting the behavioral implications of those 
distributions in no way requires meeting Higham et al.'s condi-
tions. Neandertal symbolism can be inferred from the Grotte du 
Renne even if only some of the material is in situ, because, 
obviously, Neandertals would not cease to be symbolic simply 
because the number of in situ ornaments in level X turned out 
to be, instead of 29, say, 19 (or 9, or only 4), nor would they 
become super-symbolic if that number were of, say, 59 (or 590, 
or 5,900). This is an issue of quality, not quantity. 
 Interestingly, it is indisputable that the kind of proof 
requested by Higham et al. has not been provided for any of 
the sites reviewed here and invoked in support of the notion 
of a precocious settlement of Europe by modern humans—
Kent's Cavern, Cavallo, Kebara, Geissenklösterle, etc. In 
fact, no one has even so much as pretended that these sites 
meet the over-stringent criteria requested from the Grotte du 
Renne, and the publication of the dating evidence contains 
explicit remarks concerning observed or potential post- 
depositional disturbance. Yet, when dealing with those other 
sites, the dating experts felt their case was strong enough for 
inferences of major paleoanthropological signifi cance to be 
made, and these are by and large the same authors who, for 
the Grotte du Renne, require that the stratigraphy be proven 
without fault. 
 It should go without saying that “conclusive proof that all 
the material is in situ” is something that has never been pro-
vided for any archeological site whatsoever. In fact, as in 
proving that God does not exist and similar philosophical 
problems, such a demonstration simply cannot be made—
and, indeed, requesting a set of impossible conditions as a 
precondition to retract is a stance that one seldom fi nds, if at 
all, in scientifi c debates … except, that is, when it comes to 
Neandertals and modern humans. One can only hope the day 
will come when that shall be the case no more. 
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